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CLAYS 

CHAl'TKIt 1 

DEFINITION — VAUIKTIKS — I'KOrKIlTIKS 

C LAY is au uuctuoiia, tenacious earth, capable of being 
moulded by baud, and hardened by lire into permanent 
form. It is the Anglo-Saxon, dae(jy derived from the 
Teutonic verb kleverij to stick or adhere, '^ecausc of the 
clammy, adliesive quality of the substance, which is one 
occurring in more or less extensive deposits in almost every 
country of the world, and very abundantly, and in numerous 
varitties, in the Jlritish Isles. It belongs to the order of 
oxidised r#jks, and forms the argillaceous (I^ttin, artjiUa — 
clajf^ ifj^mily or group of rocks, and is a soft, opaque, amor- 
phous earth of a dense textur^ distinguished from every other 
by its great tenacity when moistened by water (a very remark- 
abfe illustration of which was furnished by the unfortunate 
result® of the Aeoting of the Royal Agricultural Society at 
Alburn in 1879), and, also, by its contraction under, and 
the gi^at liaudness which it acquires by, the action of fire; 
sufficient, indeed, to give off siiarks when struck wkh a steel. 
Chemically speaking, clay tfs essentially a hydrated silicate of 
alumina ; the lattei^ being the oxide of the metaP aluminiuiSi, 
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as silica is of the metalloid ^licon; and tbAse* oxides hiding 
chemically combined with a certain proportion bf water, wWch . 
is a protoxide of hydfogen, it m obvious that oxygen fcust 
enter very largely into the composition of clay-ir-to the extenl, 
indeed, it has be«n calciilate<l, of upwards of 48 ]>er c^ut. of 
its weight. 

^lay generally contains various impurities, of which oxide of 
iron is the chief, and generally also its colouring in^edrent. 
To the presence of this oxide is due the peculiar smell. given 
out by impure clays when breathed u]K)n or wetted, and which 
is called the argillaceous odour ; although it has been, and may 
be, ascribed also to their being impregnated with vegetijiblo 
matter: alumina and silica and pure clay being all alike, free 
of it. Common clays have an earthy texture with ^ ‘dlil 
l\*streleas fracture, and are soft enough gencnilly to take a 
mark from the linger nail. H. I’O to 1*5; sp. gr. 1*8 to 2*7. 
flays are never found crystallised ; they are of viftious colours 
— brown, yellow, dull blue, green, red, grey,^and white in the 
china clays. 

Tlu^re are perhaps no other substances in nature so indefinite 
in their composition as clays, which are nil mechanical deposits, 
which, however consolidated, have not been subjected to any 
indurating or metamoridiic action sullicicnt to alter ,thftr 
structure. They have all been derived from the (|^sintegration 
and decomposition of rocks, chiefly gi’anitic or felspathi^ and 
necessarily, therefore, contain varying proportions of substances- 
found in such rocks, as lime, pcitash, soda, magnesia, etc*. Th^y 
possess, from their alumina— a large percentage of which i an 
ejsential constituent of all clays — the property of al^orbing 
and retaining, under less than a very high temperature, • a 
considerable proportion of water, and of forijing thjreby a 
plastic paste of much tenacity, which is compact, smooth, and 
unctuous to the touch, and, whei^ dry, easily i^lished .by the 
finger or nail, potters’ and most tf the otiier clays are inf Aible 
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nqdcr any defgr«e of heat, but^vhen they contain an excess of 
allf.alies, theso*act as fluxes and produce vitrificmtion, or even 
fusibility. They are not solflhle in water, but mix readily witli 
it I indeed, pie of the characteristics of clay is its diffusibility 
in writer, in which, although insoluble, it remains suspended 
longer than any other mineral substance — and part only at a 
great heat with tffe last }M)rtiou of their hygroscopic Mjfiter, 
that, namely, with whicdi they are mechanically combined, 
while that with whicli their alumina and silica are chemically 
combined can only be driven oil* by a nearly reil heat. 

So numiirous are ^he varieties of clays, that Brogniart, the 
late eminent director of the Sevres Porcelain ^fanufactory, 
gives a lijt^ with the analyses of no fewer than 195 — of 
‘4Wii^ 28 are china clays— all of wliich are made use of in 
various parts of the world ; and Mr. (leorge Ma^ F.G.S.f in 
his valuable catalogue of specimens illustrating the clays and 
plastic strifla of Great Britain,^ gives a list of 123, wi4h 
descriptions and^ analyses of many of them. But whatever 
their composition, one essential property, viiich determines 
their being classed as belonging to the clay or argillaceous 
family, they all possess, viz. plasticity, although they may 
vary much in the degree in whicli they possess it. 

• T^iis i>roperty of plasticity may be called peculiar to clay, 
'which app^rs to bo the only substance in the mineral kingdom 
thaj^ possesses it in its natural state. Tomlinson ^ says : “ The 
more f consider this property the more wonderful and inexplic- 
able does it appear. Take a nJass of dry clay ; it cracks easily 
aiM crumbles readily; add to it a certain proportion of water, 

^ Tr^iUdes Art^C^mviiquc, Paris, 1844, “Atlas of Plates.” 

• * Catalogua of Sjtcdmem in ihe Mmcmiof rractical Geology, illustrative 
of ihe Coinjfosition a)ul Mannfn^ure of British Pottery and Porulain, 
Loudot, 1876, ^Id ed., Appendix A. 

® “On the Plasticity and Odour of Clay,” by C. Tomlinson, Esq., 
Lecturer on Science, King's College, London, Proceedings of Geologists' 
AsikicUion, jol. i. 
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and it becomes plastic — it obeys the will of Iriie/ artist or ^le 
'artisan, who dim, out d this yielding mass, create new forms 
or ])erpetuj^c old ones. l)rive ofl^thc water at a red heat, jjnd 
\t^2)la4icit}f is for ever l(»sl; rigklity tabes its ji^afe; the clay 
is no longer clay, •l)ut something else. It may be reduced .h). 
powder, and ground up with water ; but no art or science cap 
again confer upon it its plasticity. All this is very 'wondei'ful. 
There i? anotlnu’ fact that is equally so: if wc combine the 
constituents of clay in the prop(»rti(»ns iinjicated by the 
analysis of some pure typo of that "substance, we fail to 
produce jdasticity.” Toralinsmi adds: “<That a clear idea of 
plasticity, and of some of the other mechanical properties. ^ 
matter may probably be gained by considering t\|em itue'to 
variations of the forces of cohesion and adhesion, affti 
brhiging t^^osi* in their turn under Xewton's gn'at law ‘of 
‘attraction— directly as the muss, and inversely as the squares 
ol the distances’;’’ and in illustrating this he suggests the 
idea, “that the mechanical proj)orties of flatter, such as 
porosity, tcnacilij, liardness, brittleness, (dasticity, etc., depend 
ui>on variations in the attractive force of the molecules, 
according to the disUnces apart of such molecules”; and 
further states, tlmt “ the metho<l of arranging the particles of 
clay, at the precise distance that shall imjiart plasticity, . fi 
one of nature’s secrets that we have not yet si^ccceded in 
l)enetrating ” ; and to the questions — “Why is not a ,f.lay 
artificially formed from pure materials plastic?” or,“w'hy 
cannot w'c produce plasticity by the synthesis of (day?” thS 
answer is, “that all the conditions of plasticity are unknown, 
Jiid as yet it has proved beyond man’s art or sttence to produce 
it.” Clays, 'ivhen dried in the air or not fired too hard, adhefe 
to the tongue, in consequence of their afiinit^^for mq^ture. 
Their affinity also for vegetable matter, bitumen, and some 
metallic oxides, particularly oxide lof iron, and for acids and 
8a1ts^*make ftiemtvery useful in iptftiy manilfacturii^ precedes. 
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Clays are citl^r arenaceous (J^atin, arena — sand) or calcareous 
(Latin, calx — Kme), ainl there are various eartfcs formed by. 
adiflixtures of these, of which the following two arc universally 
known, an<l ^ced only be briefly mentioned hAe, viz. : — 
Loam, which is a general but not very degnite term, applied 
to soils that arc composed of clay, sand, and vegetable mould, 
IS moderately colfbsivo, Igss tenacious than clay and more 
so than' sand, permeable by water, with little or no plasticity, 
but more or less adhesive when wet, and more brijfle when 
dry than clay. Whin united Avith lime, ii’on, or other 
metallic oxides, it is fusible at a high heat, and melts into a 
black, "tough cinder. When common salt, saltpetre, phosphates, 
or* sulphates are ])resent it is still more fusible. 8ome of the 
-'•op^argillacoous loams arc used for milking the coarser kinds 
of potters’ Avare, and for tiles and bricks, and if ^ny soliJ?le 
salts are present in them these Avill appear as an efflorescence 
on the surftce (if the latter. Agriculturists speak of light ayd 
heavy loams, according to the proportion of clay they contain, 
and also of saruiy and caleareoiifi loams, acc^’ding as sand or 
lime predominates in them. The other is Marl, Avhich is a 
calcareous clay, that is clay mixed Avith lime, although clays 
Avhieh do not contain lime are often erroneously called marls. 
!Vnj soft adnu.\turc of clay and lime is a marl ; “ clay-marl ” 
Avhen the^clay predominates, “marl-clay” Avhen the lime is 
most abundant. There are also “shell-marls,” and, in goologi(;al 
nomenclature, “ chalk - marls,” “ lias - marls,” and others. A 
bharactcristic of a true marl Cs that Avhen dry, it breaks into 
sitall cubical fragments and crumbles doAvn, even to poAvder,* 
by exjjosure to tlie atmosphere. 

• yhales and clay slates are also argillaceous rocks, and, like 
the clays, impure silicates of alumina Avhich have been 
deposited in marine or — often in the former, as in the case of 
coal shales — in brackish Abater, and subsequently indurated by 
heit and pressure. • The fornicr cxliibit a Iqpaimi^ed structure 
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and are fissile parallcd with •their bedding, white the latter are 
■fissile in parallel plancs^^/ier than those of their bedding. The 
diflference ^ctween clays, marls, afid shales is put thus by Jhe 
late Professor Page : “ Clays arc massive or pU»tic, and void 
of structure; marls are friable or crumbly; shales ahVa^'s 
exhibit some degree of lamination and fissil^ity, and, being iij 
fact ithe solidified muds of former waters, tfiey present endless 
varieties in composition, and are usually defined as calcareous, 
arenaceous, bituminous, and so forth, according to their pre- 
dominating ingredients.” The clay slates of metamorphosed 
clay occur in England, chiefly in the Canii)rian formation, and 
are extensively worked in North Wales. They have been 
formed from the waste of pre-Cambrian rocks, (\pposi{ed..‘as 
fine mud or clay, in most cases, at the bottom of a deep set) 
th6finenc8i^of tlie sediment forming them proving its having 
lx>en carried in suspension in water for a considerable distance 
fiv)m land, while the great thickness of the bods proves that 
the process must have been carried on for an .enormous period 
of time. In otlter cases, the mud has been deposited in deltas 
or at the bottom of lakes; and in these a larger amount of 
sand renders the texture of the plates coarser. After deposition 
and colouring by tlie admixture of the various oxides of iron 
and other colouring ingredients (.such as carlx)n in the case x)f 
black slates) to which the various Cvolours of slatcs-r-grey, dull 
blue, purple, green, and black — ai’c due, the beds have V-en 
liighly indurated and mctainor^lioscd by heat, and vertical,, 
combined with great lateral pressure, by which, with perhaps 

•also some chemico-electrical action, their fissile structure afid 
;|eavage across the original lamination of tluiif beds ha% been 
caused, and i»rolmbly during tlie process of their upheaval, tS 
form the mountain ranges of Wales and Cumberliind aiuyither 
places where they occur. 

, It may be interesting to give htro •an analysis of a* good 
a^^raje quality ol the roofing slates of Wteles, allowing tllat 
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thgir compositlqji is a liydrat<^ silicate of alumina — similar 
to .the cominoli clays — coloured by protoxide gf iron. The . 


pqrfentiige of oxygen in tlicir 

variffhs 

ingredients 

is 

given. g 

* Wklsh KooKIM! .Sl..V 

i-K, sp. gr. 

# 

= 2-821 


Silica 

60 -.50 . 

Sxygeii . 

32-27 

Alumina . . . . 

19-70 . 


9-19 

Ironj(protoxidc) . . . 

7 -SO . 


1-74 

Lime 

1-12 . 


0*32 

Magnesia 

2-20 . 

)i • 0 

*0-88 

Potash . . • . . 

3-18 . 


0-54 

Sinla 

2-20 . 


0-57 

Water 

3-30 . 


2-71 


100-00 48-22 


()f the numerous varieties of clays the imdcruoted may 
be considered as coming within the scope of tlSs work*on 
lotting m%tcrials; they being all extensively used in, and 
being in fact indispensable to, the i)rosecution of the |)ottd‘s’ 
business ; each <ff them having its own peculiar pro[>erties, and 
each being available ft)r some special purpose in connection 
therewith, viz. ; — 

Brick Clays, used in the manufacture of ilo\ver-i)ots and 
A\iqv articles of common use, and for bricks for the workshops 
"and kilns Tif the potteries. 

PiJe Clays, for the niaiiufjjcture of terra cotta ware, seggars, 
covers of .slip-i>ans, where the latter has not been superseded 
by Needham & Kyte s ajjparatus, fire bricks for furnaces anJ 
#liue^ and the internal lining of stoves, mnliies, and kilns. 



CHAPTER IT 

BRICK CLAYS— COMPOSITIOX AND P^.^rEUTIKS 

B RIOK clays are impure hydrale<l silicates of alumina, and 
are chiefly superiieial deposits, which are very widely dis- 
tributed in ])eds covering extensive areas^in nearly all parts of 
the United Kingdom; either as alluvial lake or river -valley 
deposits, or as estuary silts and marine l)eds. Drown <oamy 
clays, which contjiin but a small percentage of argillaceous 
arc largely used for making common bricks, and arc hence called 
Inick-earths' but bricks are made of clays of very varied com- 
position, according to the. ])urposi‘s for wliich they aU“ required, 
or their occurrence in the localities where they are wanted. 
The most exteiisi^ve deposits of brick clays are those practically 
inexhaustible beds of what is .sometimes cidled “glacier 
detritus,” the thick deposits of clays of the glacial or imme- 
diately post-glacial period. In geological classification the 
term l)rick-clay is often used in coiitra-distinction to that of*- 
boulder-clay ; meaning ])y the fonner, those finely^ laminated ' 
clays of the Pleistocene e]>oehs, which overlie the unlaminated 
l)eds of the true boulder-clay or till, and have evidently been 
formed from it by the wasting am! re-assorting agency of fcater.* 
Clays suitable for bricks, and other “clay wares,” are, howevA’, 
found to a greater or les.s extent in nearly pll the various 
^.ological formations, from the older Palieozoic to the mosf^ 
recent ; but increasingly indurated as they recede in time from 
the latter, until, os in the case of the clay slates, they Eavc, 
through the pressure and metamorp^ic action to which ^they 
‘have lieen si^hjected, acquired a ^laty stij^cture, and haiie 
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entirely lost all jlastieity. In prions outcrops and l)eds of the 
tertiary and un'derlyin" formations down to the carboniferous, • 
ancj'occasionally even in oldcir ones, cl3Iys of economic applica- 
bility {vide Ay*. Maw’s list) o(;cur not merely in*a soft and 
plastic state, but in every gradation between these and hard 
liichimorphic rocks, and many of the most valuable clays occur 
in a 8emi-indurafi!*l.l condj^tion, are mined by blasting, ^and 
brought'to the surface in hard rock-like masses. However 
compact and hard such clays may have become, thoy arc by 
“weathering” clLsintegmtcd and reduced, after being ground 
and mixed with watc]^ to their original jjlastic condition. The 
durability of bricks and tiles is much increased by allowing the 
clay tb lie mellowing for a year or two before it is used. 
O^imion brick clays consist generally of coarse and irregular 
niixturos of [)uro clay with sand, iron, calcareous ant^magnesjAn 
earths, mineral alkalies, carlionaceous matter, and various other 
accidental ftnpurities ; many of them, however, are of iiiys 
texture and comj)arative purity, but these are generally 
extremely local, and an* used for special purjigscs. For brick- 
making, clays generally - especially when of stiff and dense 
texture like the Lomlon tind the glacial clays — require consider- 
able additions of coarse sharp sand and cc)al- breeze or ashes, 
which an* indisj»en.sable h>r making good bricks ; but the pro- 
V^rtion of s^nd admits of great diversity, varying according to the 
rekitive proportions of the siliceous and aluminous constituents 
of the clays. Ansted says ; “ That the admixture of a percentage 
"sf silici sand, which results iif a combination that contains as 
m#ch os 90 per cent, of silica, is not at all incompatible with 
the formation of«Qn excellent brick.” It is the alumina, how- 
ler, tlfiat renders them refractory, and not the silica, as is often 
erroneously supposed ; for while pure silica, like alumina, can 
stand any amount of heat without fusing, its readiness to com- 
bine with the alkaline uigi’^dients which all these clays contain 
to • greater or less ixtent — but which in good^brick clays §ught 
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not to exceed 2 per cent. — is vpry apt to result ‘in vitrification 
■or fusing of « the bricks. Indeed, from over-hring and the 
presence of an excess of iron and* alkaline earths or alkaliea in 
the clay, bricks are frequently fused together or lym into a mass . 
of glassy slag, shoring often a bright conchoidal (Or. Iconcpe^ a 
shell, and ctWos, form) fracture. Iron, unless in excess, is not 
prejudicial, but when in excess, and. lime is present, vitrification 
is apt to be produced, and the tendency to it is increased ’by 
the metallic alkalies in the clays. A\dion clay contains too 
large a proportion of calcareous earth, Ifme will be produced by 
burning, and the bricks made from it wiy soon moulder when 
exposed to the atmosphere. The alumina of the clay does ijot 
melt, but its particles are cement(‘d by the glassy j)rodT!cti^* of 
the silica and fluxes; when it is in excess there will bo 
retpondini^increasc of shrinkage from its ilehydration in firing; 
complete vitrification also produces great contraction in the 
bricks — most, however, with clays of line texture?, less, when 
they are coarse and containing a large proi)ortion of sharp sand 
or other gritty ingredients. In firing, the shrinkage of brick 
clay may av(*rage, alxjut 10 ])er c,ent., but the degree of contrac- 
tion is very various, and does not altogether depend ui)on the 
purity of the clay ; when newly dug the contraction is less than 
it is when the clay has been well w'cathenid. These clays.varj 
in colour according to the character of the formatiqjis in which* 
they occur, and the proportion of iron or other coloqjing 
ingredients th(‘y coiibiin, and are found of all sliades of Thrown, 
grey, or black, to yellow, bind! and red. They buri{ whitf 
when entirely free, of iron, whicli, however, is randy tlio cl^e. 
When iron is present they burn to various shales of red— pale, 
dull, dark, or hn’ght red — the depth of colour depending bofSh 
on the percentage of iron present and the degjee of Ijeat to 
which they arc subjected, the brightest shades of red and buff 
being produced with but ^ partiai vitrification of the* body; 
c^mgletc vilriticutiou modifying; ttie colours considerably.® A 
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large proportidn carbonaceous matter affects the colour by 
irresting the peroxidation of the iron, as docs also the alkalies, 
undjtill more so the alkaline Earths, lime and magnesia. The 
[ilays coloured fjellow by the hydrous sesquioxidc of iron do not 
p^d\|ce yellow or buff bricks, owing to bein^ deprived in firing 
of. their constituent water, to which that colour is due, and 
which is thereby changed t<) anhydrous red. Grey clays ^jon- 
tain'ing less than 1 or H per cent, of iron produce various 
shades of cream ^colour and buff bricks, while those cemtaming 
from 2 to 10 or 12 per dbnt. of iron produce yellowish fawn to 
dark reds. Ked claysi containing from 3 to 4 per cent, of iron 
produce the bright red bodies used in the manufacture of red 
tertfi-cotta ^aro., encaustic tiles, etc. ; but anyone interested in 
tlftl^)mposition of clays and their colouring ingredients may 
obtain further and much valuable information from^lr. Mav’s 
list of the “ Clay and Plastic Strata of Great Britain,” previously 
referred to, and which the writer has drawn upon for some of 
the alx)ve detail| — especially those n'gardiug the colouring 
ingredients of these clays. 

Mr. Maw nieniions having found by cxi)eriment that “ five 
per cent, of cjiustic magnesia mixed with red clay entirely 
destroys its rctl colour in the kiln, probably from the production 
of^^)ale-coloure<l double silicate of iron and the alkaline earth ; 
a familiar txample of which reaction occurs in the process of 
manufacturing yellow bricks in the neighlx)urhood of London, 
the colour of which is dependent on the admixture of ground 
chalk with the bi’ick-earth, which itself burns of a red colour.” 

.Vrofessor flonaldson states that clays containing silica and 
alumipa in the ^’elative jwoportions of eighty-six parts of the 
ftrmer to fourteen of the latter are the best for biick-making, 
but tj^e undep-iioted analysis of four good brick clays shows that 
the composition of these admits of great variation ; and, indeed, 
any approaching the above *composition are of rare occurrence : 
a fturth o4 aluraiillt to a lfal| of silica in the chiy, an<P with 
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small percentages of alkaline i^eclients, is a good standard^ to 
. which No. 4 tTiost nearly approximates. 


Silica and sand 

No. 1. 

. G4-ld 

•Ni). % 

61-oa^ 

Alumina . ^ • 

. ly.^a 


Oxide of iron 

. . . T"!')/ 

6*75 

Lime 

4* 1-00 

3*36 

^Alkalies .... 

. . . 1-54 

2-83 

Water and various impurities 

. 11-31 



100 *00 100-00 




* No. 3. 

No. 4. 

Silica and sand 


. ( U ;-16 

r>3-9r> 

Alumina 


. 10-08 j 


Oxide of iron 


. 8 -38 


Lime ^ 


. 1-88 

0-08 

Alkalies 


. 1-83 

l-ul 

Water and various impurities 

. . . 5 ‘07 ^ 

10-22 



100-00 

100-00 


Although bricks, wlu'ii made, are generally well dried in the 
before l)eing placed in the clamp or kiln, they retain a large 
amount of moisture, and the iirst result of burning them is its 
eva[>oration, accompanied by that of carbonic acid, which ii»* 
parts such a heavy and olFensivc quality to the Jumes fronf 
brick burning, arising from the calcining of the lime in the clay 
and the combustion of the coal-breeze or ashes. 

When thoroughly burned, tluf bricks or other “clayAvares^ 
become permanently hard, and ctinnot by any possibility becc^ne 
^ain phtstic or caiwible of Ixung mixed with^vater; they are, 
nowever, j Karons, and readily absorb more or less moistufG 
according to their comiwjsition, ami the dcgi’oc of heat to which 
they have been subjected in burning. Pul veriseif burnt fricks, 
and the burnt clay technically (^lle^ ‘‘ballast,’’ ore. good 
Gxam^des of«unli^drated clay. 
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(Jliiy, unmixei witli siliceoi^ ingredients, will not make 
durable bricks or vessels. Tlie purer the clay, th» more will it 
crack* or ^pbt in drying ; and flcftj) clayWls will thus open in 
chasms of eon^derablc width and depth ; but witll a proper 
admii^ture of siliceous materials, even when^nly hardened by 
the hot sun of tropical countries, clay vessels will retain their 
slmj)e witlnnit cracRng, and, they, as well Jis similarly composed 
and* sun-dried bricks, will resist for an enormous time, not 
merely atnios|)beric iidluencos, but even the solvent power of 
water. Uidess completely vitrilied by burning, however, (;lay 
vessels cannot be maije non-absorlKUit of moisture without a 
gly^.e of some sort, as witness the nnglazed j)orous water-bottles 
so largely i^anufiwttured in England, and so universally made 
anH^ed in Oriental countries, the coldness of the water in them 
being produced by its evaporation tlirongli the boti#es and its 
coiideiisaiiou on the outsides. Vessels of pottery were probably 
made of claf, hardened by tlie sun, long anterior to the making 
of sun-dried bricLs, and very t‘arly in the existence of at least 
the Adamic racte of mankind ; and such vesseis are still made 
in the East. Sun-dried bricks were also, however, made in very 
early times, and the walls of houses were built of clay thus 
hardened — a reference to whiidi is obviously made in what is 
ifl’(^3ably the most ancient book extant — Job i^mih (di. iv. 19), 
^ How muck less in them that dwell in houses of (day.” It 
is jjso^ evident from the fact of the Israelites, during their 
bondage in Egypt, using straw in brick-making, that the bricks 
iibcy made for Pharaoh were otily sun-hardened ; that this was 
nof from ignorance of the process of burning bricks, but, 
probaljjy, to savePthe unnecessary cost of burning them, where 
ill the hot and almost rainless climate of that country the sun- 
dried j^ricks ^ere sufficiently durable, may be inferred from the 
fact that the Tower of llabel had been built upwards of 600 
years previously, of lire-i)uricd bricks {vide Genesis xi. 3, where 
th^huilder^of that«iionura<fti^of man’s folly ^re represon^d^s 



14 PoTTij^G Materials 

saying, “ Go to, let us make br^ks, and bum tkcbi thoroughly ”), 
and doubtleis fire-burned pottery was also thus early made. 
From Job ch. ii. 8, ^ And ho took him a potsherd to sprai)e 
himself withal,” it may be inferred that in tl^ early days in 
which .lob lived was not only made, but broken as wfll—a 
practice the continued prevalence of which is by no means of 
trifling importance to the interests of tlfe pottery trade. It 
appears also from other ancient records, and from the numerous 
specimejis dug from the ruins of Dabylon and other long- 
destroyed cities of the l^ast, that these clays were used very 
extensively from the mo.st remote ant^^piity for an immense 
variety of articles— -domestic vessels of all sorts, seals (mentioned 
also in Job, vide ch. xxxviii. 14, “As clay to the sear”)^und 
cylinders, tablets, and bricks, on which records of evcntsf’^^al 
mandatesjk contracts of sale, ami other documents — the presesya- 
tion of which was necessary — were inscribed, and remain 
f)crfectly legible to this day. Many of these ma/ now be seen 
in the galleries of the Jlritish Museum : but although they 
remained in [)eiifect preservation for thousands of years in the 
dry climate of the East, and not exposed to atmospheric action 
even there, owing to their being buried in the sand mounds, 
which for so long concealed the ruins of thes(5 ancient cities, it 
was found necessary to subject them to a l)aking process ^^efofo 
transferring them to the moist climate of iOngland,^jivhere otheP 
wise they would soon have be(‘n destroyed. 



CHAPTER Til 

FIRE CLAYS— -l)iaTRIIJUT10x\, USES, AND ANALYSES 

F ire clays^ are also hydrated silicatcB of «Uimina, 
generally freer of impurities than tlie ordinary brick 
clays, and are infugible com|)oimds containing large pro- 
portions of silica, with but little iron or alkaline ingredients, 
and tneref^re capable of resisting very intense and long- 
cdWfcued heat without slagging, vitrifying, or melting, or 
becoming soft and pasty. Their refractory propi^ty is •n- 
tirely due to the absence of fluxing matters — such os the 
alkalies, allfaline earths, and oxides of iron, with which the 
silica is so ready ^o combine — except in such minute quantities 
as not to induce vitrification or fusing in the jitoccss of burning 
the bricks or other fire-clay manufactures. Carbons and hydro- 
carbons are not unfri'quently present in these clays, but the 
presence of carbonaceous matter (8j)eedily consumed in the 
ftilng) does not aflcct their refractoriness. Jukes says that in 
*good fire cl|^^s ** it is probable the silica and alumina exist in 
•ju^ that definite proportion which would form a true silicate 
of alumina.” Fire clays should bo of somewhat greasy feel, 
Ind it is essential that they should be of uniform texture ; they 
vafy much in composition, but have been classed in three* 
qualities, of which the first and purest is used chiefly for 
fJhe large melting-pots for glass-making ; tlic second, for 
crucibles use^ in melting metals and refining steel; and the 
Uiiid, for fire bricks and other ordinary fire-clay wares. 

Fire clays are very abundant in the British Isles, and occur 
chiefly in tjfe Coal Pleasures underlying the tfioal learns, ^wi^g 
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to which they arc called thetundcr-clay or ^sertt-carth of »^he 
coal. The coal seams almost invariahly rest ou a comparatively 
pure arj^illaceoiis bed,* and, froitf the amount of carbonaceous 
matter it Contains, and tin? abundance in it ^^f the. rootlets 
(stigmaria) of tliQ ySigillanay it has doubtless formed the soil 
in which these and other coal plants ^^cw. In the Dudley 
coalfield, beneath the ten*yard coab seam and stmie underlying 
layers of mixed matter, the fire clay is found of conahlerable 
thickness, varying mueli in quality, the best kdng found near 
Stourbridge, 7 or 8 fathoms undef the main coal, and 
is remarkable f(U’ its small amount of if contraction in firing. 
AVheii first raised this Stourbridge lire clay is of almost stony « 
hardness and a leaden or slaty “gre,y colour ; it sqon iJowever 
crumbles on exiiosure to the air, and is then easily sofMcal 
awl tenq^’n‘d with water; it burns to a yellow or ochreous 
tint. The strata in the neighbourhood of Stourbridge are 
extremidy faulted and shattercti, and although lyin'g low in the 
order of stratifn^ation, the fire-clay seams ha\^c been upheaved, 
so us in many^fdaces to be got at without very deep sinking. 
In other places, and in many coal-fiekls, they occur lower and 
at great dejiths, and can only be profitably utilised when raised 
along with the coal or ironstone with which they are found 
associated. The Sl»ourbridge clays are raised from seams, m 
the pits varying from 20 to Oh fathoms deep, #nd avera^ 
ing about 3 feet in thickness; and, as evidence *the 
extremes of quality, it may be mentioned that while the 
ordinary quality is sold fur hm at the [lit mouth, tlnfli 

► for crucible making, found in the middle of the seams— known 

? i glasshouse pot clay— sells at 60s. From Hi le analyges, by 
rof. F. A. Abel, F.R.S., chemist to tlic War Office, quoted 
by Dr. Percy, of nine samples from different j;)its, com- 
position of the.se clays varies as follows, viz. : — Silica, from 
58*48 to 67*00 per cent.; alumina,* 25*80 to 35*78; iron 
OKidf, 3*00 6^63 ; alkaline nyitter and ^vaste, (^*64 to 3*56 



•Clays* i; 

per ; anilAfic iimlernotcd ftvo may bt' taken a.sbf superior 
|uality, viz. Tlie first — 


Silica ( . . . 

C.‘l*40 


Alumina .... 

31*70 

In tlfts case the clay 

Iron oxide .... 

3*00 

had been deprived of 

Alkaline earths iflil wastti . 

1*90 

its water before the 

* 

— 

analysis was mUde. 


100*00 



The next is one made by Mr. C. Tookey, in the metallurgical 
laborat<|ry of the Museum of Practical Geology, under direction 
of Dr, I'ercy, and quoted in the Cafalufjue of Jiritish Pottery 
aiuTporcelmn : — 


Silica 

Alumina 

G5*10 

22*22 

Proto-oxnle of iron 

1 *92 

Lime 

0*14 

Magnesia . ... 

0*18 

Potash .... 

0*18 

Phosphoric acid . 

0*06 

Organic matter .... 

0*58 

Water, combined 

7*10 

,, hygroscopic . 

2*18 


99*66 


pie refractory property of these, or any clay, is least affected 
by magnesia, more so by lime, still more so }>y iron oxides, and 
most of all by yotash, while an excess t)f s;ind is most pre- 
judicial to plasticity. 

Fire clays arc very abundant in the Coal Measures of 
Durliam and, •Northumberland, and are found in seams from 1 
to 5 or 6 feet in thickness ; the best qualities are obtained from 
those underlying the co*al hsed for coking and manufacturing 
purposes. ¥hc unftemoted eAialyscs are freflu samples tak^ 
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from mines a few miles west 6f Newcastle, t^loiiging t^ one' 
firm, and show wide ranges of variation : — 



No. 1. 

No. 2. 

No. 3. 

No. 4. 

No. -5. 

No. 6. 

No. 7. 

Silica 


47-55 

48-55 

51-11 

71-28 

83-29 

69-25 

Alumina .... 

31-35 

29-50 

30-25 

30-40 

17-75 

8-10 

17-90 

Iron oxides . . . 

4-63 

9-13 

4-06 

4-9: 

2--13 

1-88 

2-97 

Limb 

i-io 

1-34 

TOO 

1-7C 

) 2-30 

2-99 

1-30 

Magnesia .... 

1-51 

0-71 

1-91 

trace 

/ 



Water, organ, matter 

’ V.»-92 

11-77 

13-57 

11-82 

^-24 

8-74 

8-58 

and waste . . . 

J 



* 





100-00 100-00 100-00 100-00 100-00 

100-Cl 100-00 


Of these Nos. 1 to 4 will be found, from thei^ largc“ pro- 
portions of alumina and wat(‘r, to shrink more than the others, 
o^which No. 6 will contraet least in firing. 

Fire-clay good.s are used now so very extensively, and for 
so many purposes, that the po.s.ses.siou of such a series of bods 
as the above, which the Newcastle Coal Measures yield, gives 
great advantages to manufactwrers, enabling them to select and 
mix their clays so as best to adapt them for .speeihe uses ; and 
the circumstance of these clays being found in great abundance 
and capable of being more economically worked and manu- 
factured on Tyneside than, ^lerhaps, in any other i)art of the 
United Kingdom or of Europe, may account for the extensive 
business now done there in fire-clay goods, from bricks, to gas 
retorts, and of articles both numerous and of great variety for 
building and manufacturing, sanitary, and ornamental purposes. 
The great heat required to vitrify drainage pipes insures their 
being thoroughly burnt, and enables them more efficiently to 
Aesist corroding and chemical action. Some of these have been 
tested to sustain a pressure of from 80 to 120 lb. cu the 
square inch, and when well burnt and glazed they are prac- 
tically imperishable. Samples frdm ‘Glasgow, Dowlais, Cool 
Aland, Stannington, and Howth%liow the i&dernoted maximum 
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' ana ynmmuin percentages of tlA principal ingredienls : — Silica, 
•from 43’00 to 67*96; aluniina, 21*1^ to 40*09^; iron^oxide, 
1*19 to 8*4 ; water and various matters, 3*14 to 15*40 per cent. 
The Glasgow fGariikirk) fire clay is of vejy superior quality, 
as may be soon from the following analyses of two samples : — 
Silica, 66*68 ; r^ymina, 26*08; lime, 0*84; iron oxide, 1*26; 
water, 5*14=100*00. Silfca, 65*20; alumina, 33*41*; time, 
0*32; magnesia, 0*13; iron oxide, 0*49; phosphates* 0*45 = 
100*00. Specific, gravity, 2*358. 

A variety of lire clay occurs at Dinas in tlie A alley of Xeath, 
Glamorganshire, which (jonsists of luyirly pure silica, and which 
Dr, Siemens states he has found to be the only material prac- 
ticaTly avaiiiible on a large scale for bricks or furnace lining, to 
resist the extreme heat (4000” Fahr.) for melting gteel. "Jbe 
celebrated 1 )inas fire bricks possess the peculiar j)roperty (as 
compared wjth other (day ware.s) of exjianding instead of con- 
tracting under heat, wJiich renders them more suitable for some 
special jmrposes t4ian any othcjr. 

In Stalfordshire there is an Abundance of fire clays in the 
Coal Measures, which are locally called marls, and arc ex- 
tensively used for making the seggars in wliich the pottery 
Jirares are tired. The marl is mixed with old ground seggars, 
and ^stands very well tlie heat of the biscuit kilns in firing 
ordinary earthenwari*., but it is inferior to the fire clays used 
^y F^nch porcelain manufacturers, and would not be suffi- 
ciently refractory for firing the superior hard porcelain wares 
now made in Staffordshire, but for the fa(;t that oxidising firing 
is employed, whereas, on the continent, the firing must be 
reductive. The Xungarrow porcelain made in Wales some, 
si.xty or seventy years ago-si)ecimens of whicli from their 
BupewDr qiiaiity now command high prices— was made of a 
most refractory body, and required the sacrifice of the seggars 
In which it was fiired, os, owmg to the extreme hgat necessary 
for its conv^ion, tKey were dseless for a se!ond firing. • TEe 
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following is an analysis of a mlCrl used for seggtrs in Sta,^rord- • 
shire, jiz. .. 


Silica ' . . . 

()Ci6 

Alumina . 

22-01 

Iron oxide . 

n-31 

Lime .... 

1-12 

?Iagnc.sia . 

tii’ce 

"Watir and loss . 

'j-r.2 


99 -Id. 


to 

Tlio quantity of iron 
oxide and lime which 
it cftw tains reduces of 
course its refractori- 
ness. 


A leading Stonrhridge lirm giv(‘s the undernoted analyses of 
two qualities, and they state that they can supply tliiO purest 
lire clays in the world : — 

Ko. 1. • 


^ Silica ^ 


73-r.i 

Alumina 


21 -89 

Oxide of iron 


o-r.3 

Lime and inaf'iicsia 


l-.Vj 

Loss on ignition 


2 -1 8 

4T 


100 -00 

Xo. 2. 

Silica 


68-91 

Alumimi 


28-9-2 

Oxide of iron 


0-23 

Lime and magnc.sia 


0-7S 

Loss oil ignition 


1-16b 

t 


lOOtJb 

Another firm gives tlie following analysis 

of 

their best 

Stourbridge glasshouse pot clay: — 

Silica .* 


66*35 

Alumina 


2.3^j0 

Oxide of iron 


1-54 

Lime 

t 

0lS9 

Alagncsia 

. 

0*12 

'Water and organic matter . . . 


8*10 



Clay^ 




*Thc3f also giva*tlic UTidernotSl analysis of tlieir'best black 
crucible clay : — * 


Silica 

Aluniiiia . 
Oxide of iron 
Ovwanic matter 
Lime . 

Magnesia . 
Alkalies 

Water . * . 




in -29 
30-27 
2-36 
l-(Ji 

10- A 

• o-os 

0-40 

11- Sl 



CHAPTER IV 

rOTTEUY CLAYS — CLAY 

O F pottery clays — so called because suitable for the 
inanufa( 5 turc of pott(;ry wares— the distribution is very 
wide and the origin very various. They are (‘iiibracei! in the 
French term jitjnUuc (Lat., jiguJua, a potter, from to 

fashion). The purest varieties arc white or light-feluish grey, 
are^very j)^astic, and are chiefly found in the superior beds of 
the more recent geologic-al formations. The Eocene clays of 
tlic Paris basin, whicli immediately underlie the Eueene clay of 
the London basin, so well known as the “London Clay,” 
received the name of artjUe plaMiqm originaKy in France, says 
Lyell, from its being mu(ih usell there for pottery wares. Beds 
of the same age (the Woolwich and Reading series of Prostwicb) 
ar(*. largely used for the same puriwsc in England. “As a 
series,” says Page, “these plastic clays constitute the middle 
portion of the Eocene group. They are partly of marine and 
partly of fresh-water formation, and arc characterised by \wo^ 
species of oyster {(Mrea hellorcv'ina and 0, P(luHmi\ antrsome 
fresh-water shells, as Malania, (Ujranay Unin, pahuHna, ctc.i’ 
^These clays, like those more e.onimon and impure varieties 
already described (vwfc Chaps. 1. and 11.), arc al^ more or less pure 
hydrated silicates of alumina. They arc found very gefcerally 
i[ll over the world, and very abundantly in many districts of 
England and Wales, and of Scotland. They dicur a<so in 
Ireland — a country rich in mineral ^deposits of every sort, and 
in til* raw ipaterials for mining apd manufacturing industries, 
and which only Waits the development of theAs to become 





perfect hive busy labour, awd the seat of wealtk-producing 
.arts and manufactures — although from the unhappy causes 
which conduce so effectually to prevent the inv^estmSit of . 
cai)ital, and tli# suppression of industrial enterprise there, its 
rich deposits of mineml wealth still lie negloflhHi and unworked. 

These clays ooc^ of very varying composition, quality, and 
colour, the latter ranging fr«n white, yellowish-white, anji jjreys 
of various tints, to brown, yellow, green, reil, and blacte With 
the exception of the last — which is due to the presence of 
organic, carlioiniceous, dr bituminous matter, and is in most 
cases b^^riied out of the clay in liring, leaving the biscuit wjire 
perfectly white — these colours are chiefly derived from various 
oxiefes of ijun, or, in the case of brown clays, from manganese. 
They all possess the qualili<‘S already mentioned as characteris- 
ing the argillaceous family of rocks ; adhere strongly to The 
tongue ; contract to a greater or less degree in the kiln— often 
with much irregularity ; are more soft, soapy, and plastic thaii 
brick clays ; and ^re all, when free from excess of iron, alkalies, 
or other fluxing ingredients, perfectly infusible, by which is 
meant that they will not melt or become pasty in the most 
intense heat of the biscuit kiln, or say 3272" F. — about the 
lyjeltiiig-point of wrought iron. “ All clay at a suliicient heat,” 
says* Janvier, “ would melt into a sort of glassy substance.” 
Th«t, however, is not so. Perfectly pure clay is practically 
lufusttde under any heat ; such a clay, however, is of very rare 
occurrence, and in pottery clays there may be found many 
varying much in refractoriness according to their contained 
proportions of silica and fluxing ingredients. Most of them* 
contaki larger of smaller percentages of such ingredients, as 
felspar, iron, lime, magnesia, manganese, mica, potash, soda, and 
free silica, quartz, or sand. The more alumina a clay contains, 
and the purer it is, the greater is its refractoriness. With the 
exception of those contHiiiftig iron, pottery clays generally burn 
wliite in th# kiln. ' 
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Of the lii^er kinds of these flasiie clays tlfe^e are nuii^erou^ 
varieties, soir.c only suitalde f()r coarse pottery and terra-cotta, 
ware]^ others for the liiuu* kinds' of brown and red ware and 
tiles ; and others again for the Ix'st qualities of c*'mmon earthen- 
ware, which einhric.e the excellent brown and blue ball clays 
of Dorsetshire, and the black and cracking ejiiys of Devonshire ; 
all of which will be noticed more iJ^ detail in these ])ages. 

Of these clays the jmrest are the well-known ]»i)ic clay (so 
called from its extensive use for the manufacture of tobacco 
pipes) tind china clay or kaolin^ which will be described in 
subsequent chapters. The latter of these is generally Ijelicved 
to be deriv(Ml fr(»m tin* deconqwsition of the potash /*‘lspar ' 
(ortho clase) in certain kinds of granite, and is a|„all events 
only found in the granite districts, chiefly of Cornwall, while 
pipe clay, ^ which has been called plastic clay, par cxcellvncp^ 
occurs in extensive deposits in the l^Iiocene and Lower Tertiary 
beds of Devonshire and Dorsetshire, vhence it is largely 
fihi]q)ed to the i)ottcries for home manufa(tti^r(‘.s, besides Ixjing 
extensively exported to France, Belgium, Holland, and else- 
where. The compositioji of pipe clay resembles that of china 
clay, but it contains an exces.s of silica. It may be stated as 
silica 54, alumina 32, water 12, with small quantities of lira^ 
and magnesia, etc. It is remarkably free gen(?nilly from iron; 
is compact, unctuous, and almost greasy to the touch, aniil is 
very jnire, plastic, and infusible ; wlien dry, may bo polisl«d by*^ 
the linger. While exceedingly plastic it yet forms a very 
tenacious ])aste, and is very absorbent of moisture, and conse- 
quently adheres so strongly to the lips, that the ends of the 
tobacco pipe stems require to be glazed ere they are lit f®r use. 
^It bm*ns very white, and the best qualities when fired are 
entirely free of the yellow or brown spots, which, the 
biscuit of so many pottery clays, indicates the presence of 
iron. • • 

/Thjs clay*is applied to manytphrposes besides dthe making 
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(>f j)iyeH, but c(^racts too niiidli in firing to bo atailable for 
general pottery purposes, although it occasioiitflly us^l for 
mixing with other clays for some Avares. The ljc§t qualities 
are got at TJovc^ Tracey, in I)(‘vonshire, and ui the Island of 
’Purbecik, in Dorsetshire. There are two** varieties of the 
Dorsetshire pipe chip’s, of whiedi one is much darker than the 
other. Their composition h as folk ►ws, both having bcsfJii^irst 
deprived of their hygroscopic, Avater, viz. : — * 



Liglii variety. 

Dark variefy. 

Silica 



72-20 

Aluffiiiia . 

21*28 

•23-2.5 

Ox#le of iron . 

1 *26 

2 -.54 

Alkaliuq|(‘arlli.s 

7 •2.5 

1-78 

Snip, of lime . 

4*72 

tracje 


100-00 

99-80 


Ansted gives the following analysis of another variety, viz. : — 


Silica . . ^ . 



. .53-60 

Alumina 



. 32-00 

Iron oxide 



. 1-3.5 

Lime 



0-40 

Magnesia 



. . trace 

Water . 



. 12-08 




99-49 


^ Pi[)0 clays are lai’gely use<l for cleaning and Avhiteniug the 
gloves and leather ]K*lts of soldiers, and the common kinds are 
much used for household purposes, pipe-claying stone steps,’ 
window-sills, etc. The finest quality is used for the manufac- 
ture of the Cologne pipes. 

PqpB clay ts found in Ireland, associated with lignite, in the 
I beds of the Lough Neagli series. It lies in a hollow in the 
carboniferous limestone at Loughloheny and Ballymacadam, 
south-east df Cahii^ and tfiife miles north* of Cahir simiSar 
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clay occarS/ These are the rcAaiiis of a oiice*c«tensive dci)()8ift 
Belo,'v the lignite beds, this clay^is perfectly pure, and lias been 
largely exported to England for the manufacture of the finer 
kinds of pottery. ^Tliere arc also deposits of pipe clay in Arran 
island, Co. Donegal, along the shore of Lough Ree, Co. of 
Roscommon, and esfiecially near St. John’j? Point, where it is 
locjfily. largely manufactured into tdbacco jiipes. Pipe clay also 
occurs near Blackball, north of Brosna, King’s Co., and, in 
addition to its use for tobacco pipes, it was ,used by the late 
Earl of Rosse for lining his furnaces. In an extensive district 
of Tipperary, between Cahir and Clonmel, there are deposits of 
pipe clay in the cavities of (he lower limestone, which fve con-' 
sidered ecpial in quality to the pipe clay of Bovoy ^^racey. It 
buj’iia piyely white, and large (juantities of it have been 
cx[)orted to England. 



CHAPTER V 


POTTERY CLAYS — IlATJi CLAYS — ANALYSES OF PIPE, BLACK 
AND BROWN CLAYS 

T he varieties of pottery clays are so immerous that anything 
lil«i an exhaustive list and description of them \vould ftir 
‘hxceed^thc necessarily limited space avtiilahle. Those of our 
readers, ho%3ver, who may he iiitereste<l in ascertaining whether 
any of the native clays, not hitherto much utilised, can bo profit- 
ably made available for ])otting or other purposes, will tlo welHo 
consult !Nfr. flaw’s (^aiaUnjuv of the Vkui and Vlasiiv Sfraia of 
Great Jiritahij alreaily reft'rrcd to and quoted. In that catalogue 
Mr. Maw gives a l^st of 123 varieties of pottery clays- -ranging 
from recent alluvial and post-teftiary deposits through all the 
geological formations down to the Silurian. These clays are of 
many sorts and of various origin, and differ from each other 
i^comjwsition and purity, in colour, in plasticit}', and tenacity, 
in their degree of contraction in the kiln, and in their re- 
frac^ry qualities. Some of them have already been referred 
"to aM described in preceding chapters ; in this, attention will 
l{p chiefly confined to the ball clays of the Pliocene lignite 
beds of Bovey Tracey, Devonshire — of fresh-water lake forma- 
tion — and those of Poole, whicli are found in the Lower* 
Bagshw beds, of ^middle Eocene age, and which are of marine 
origin, except the fresh-water deposits in the Island of Purbeck. 
The iiloole ckiys — so called from their being shipi>ed at that 
> port — form very extensive beds in the neighbourhood of 
Wareham, Dorsetshire. * 

The Bov^ Ti*ac^ beds* are of uncertain thtekness^ and 
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liave been estimated to range,, from 200 to 300 feet in df'ptb. 
One sectioir, given by Woodw.ard in his Geolofjy of Enylaud, 
slioy?'s various seams of rlays, sands, and lignite, of about 110 
feet in all, under the surface drift, and renting on sand — 
the clay seams being together about 40 feet in thickness. 
Dr. Miller, in vol. li. of the Phi/otfovliical Traimrtioiis, 
describes the Avhole series of strata as (hpping to the south 
about 20 inches in a fathom, and says thal including the, beds 
of clay with Avhich they are intermixed — there being about six 
beds of each — tlie thickness of the*Avhole is about 70 feet. 
These clays are very varied in their composition and ''_^ualities, 
and arc probably derived from tin, waste of the neighbouring^ 
green-sand formation, and of th<‘ granitic rocks cl Dartmoor, 
or, as Mr. Maw suggests, j)artly from the, insoluble matter in 
tiro challS They consist of some valuable be(ls of white pipe 
clay, and of good pott(‘ry clays, grey, blue, broAvn or chocolate- 
coloured, and black ; also that known as cracking clay, from 
its tendency to crack in firing. The clays are dug fj’om pits, 
ill balls of about 30 lb. weight, at Teigngraec and Whiteway, 
near Kingsteigntoii and ,Newton Abbot, and ai’e shipi^ed from 
Teignmouth, and thence sometimes called “ Teignmouth clays.” 
Mr. MaAV^ (piotes Mr. Charles D. iilakc, of NcAvton Abbot, 
stating that “the mines there produce clays containing* silica 
and alumina in every proportion, from 95 to 50 per ceni of 
silica and from 50 to 4 per cent, of alumina”; also*' “that"* 
some of them are nearly pure silicates of alumina, containing 
no free silica, whereas others contain as much as 70 jier cent. 

► of it.” 

The T,K)Aver Bagshot Imds of Dorsetshire consist of alternating 
^ seams of variously-coloured jiotting clays and pale yellow or 
buff-coloured siliceous sands and loams and beds ofdflint p^fbles ; 

* InaPaj)eron “Tim Sources of the Materials (ioniposing the “White 
Clay I of the Lower Tertiaries,” Qvarterly Journal Geological Society ^ 
yl\, iixiii. pp.*387 894. 
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hc'nealji tlic pottffig clay there is? a seam of some thickness of 
an extremely friable earthy brown coal, somewhat flnalogous to 
that of the liovey lignite, hut of less specific gravity. It is in- 
teresting to not(^ the oce-iingjnce of this, characteristic, as this 
1)rowii coal or lignite* is, of the [ilastic clay tertiary deposits of 
the Isle of AVight;ian(l the London and Paris basin and 
others. On tin* noi‘th sidi*. of the chalk hills, extending Lorn 
llandfast Point to beyond Corfe Castle, there, is an extensive 
bed of pipe cla^^ in a horizontal position, which has been 
identified with the lignite clay bed of Alum Hay, in the Isle 
of WigHt. The same scam of clay, though not ()f equal 
Tiuality^may be ti’aced in the hills near Poole, and is found 
in many pants of the extensive track called the “trough of 
Poole.” In a quarry oii the borders of Poole Harbour, 
about 2 miles west of Poole, several beds (,)f tlie white 
pipe clay fr^m d to b feet thick occair, alternating with 
beds of brown clay, and white, red, and black sand. The 
Poole ball clays ar^ extensively us(h1 for pottery, and are found 
in beds of various thicknesses a^d at different depths. They 
are dug to a great extent, at Creecdi Grange, Nordon, and 
Kempstone, between Wareham and Corfe. They are of very 
sqjjerior quality, and consist of white pipe clay and grey, blue, 
and brown pottery clays. The blue (day contains a little more 
aluiftna than that of Devonshire, and is so far superior to it for 
eartlift^ware manufa<!ture, although in practice the difference is 
n^t always perceptible. Other ingredients being equal, the 
excellence of pottery clays may be determined by the respective 
per(jentages of alumina which they contain. Alumina is a light 
material, while siln^a is a heavy one, and the specific gravities 
of these clays may therefore afford an approximate test of 
their ^l^alue f#r eurthenware manufacturers. Loth the Teign- 
iiuouth and the Poole clays are remarkably good and plastic 
and of excellent working quality, and from their compar^itive 
freedom front iron Ifcid alkalies they are vahiable, owing tfe 
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their refractoriness and their gceat whiteness ^'iien fired. ^ Their 
specific gravities may lie taken as ranging from 1*725 to 2*250. 
While the better qualities are mucli used for earthenware and 
stoneware inanufatsturers, otlicrs ,%’e very sukiable for flooring" 
tiles, drain-pipes, *und other pottery wares. 

These clays generally appear to be derived from the dis- 
integration of other rocks, and tho natural separation of their 
constituent materi.als by the aid of water ainl atmospheric 
influences, which have resulted in local deposits of them— as in 
the case of steam ore and china clay— which in some places are 
coarse and impure,, in others finer and more or le». free of 
impurities. Some of them arc much in requ(;st by .^lulptorS 
and modellers, ^ 

In the clays derived from the decomposition of felspars, 
there is 'always to lie found a considerable quantity of free 
silica in the form of quartz sand. 

The whitest clays ari* esteemed the purest, but Dr. R. 
Watson, in his valuable chemical essays,^ work wliieli has 
been highly recommended byiDr. Percy, in his popular lectures 
on metallurgy in Jermyii Street Mnscnm, states (vol. ii. p. 256) 
that “I took 16 oz. of the tincst pipe clay from Dorsetshire, 
and by repeatedly washing it in large quantities of water ^d 
pouring olf the turbid water, I collected a sandy sediment, 
amounting, when well dried, to 3 oz. 1 have no doubt*that 
this clay contained a much greater proportion of san^'thaiT 
what T had been able to colleci; ; for the white iiarticles which 
had been suspended in the water ciertainly consisted in part of 
• a sand of a finer gi-aiii than wliat had settled to the bottom, 
for they were sensibly gritty between the toc^lh. It ma^ easily 
^)e conceived that, in washing cLiys, the finest part of the sand 
(silica) contained in them will remain suspendcik in theater, 
and that,.. on this account, the sediment collected at the bottonii 

^ Chemical Essay . by R. Watson, p.D* F.R.S., 6 vols. London; 
£?aD8, 17D3.' 
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of the pssel in which the operation is performed, will n.ot give the 
ti;ue proportion of the sand which enters into their composition. 
In confirmation of this, we liavh been instructed, by the experi- 
ments of a very *'ble cliemis\, to consider these fine white clays 
as consisting of about three parts in eight of ' true argillaceous 
earth, and of about five parts in eight of sand, or earth re- 
sembling powdered flints. 

In contrast to the above, i^lr. Maw, in the paper » above 
referred to, states, that “ in testing the peculiarly fine state of 
subdivision of the white tertiary clays of the Ilovey Tracey and 
Warehaia beds, 1 found that, after mixing them with water to 
the conijistency (if cream, and passing them through fine silk 
lawn, containing 10,000 perforations to the scpiarc inch, no 
appreciable quantity of coarse matter remained behind from 
most of the examples, not even to tlie weight of a grafn out df 
several pounds of clay,” and ho adds, ** 1 can state, from the 
result of a numlxu'of experiments on clays and marls of various 
ages and formation^ that such a state of subdivision is peculiar 
to these tertiary clays.” 

From these so opposite results, from two comi>eteiit practical 
observers, it is evident that all these clays cannot be referred to 
a similar origin. Mr. Prestwich and many other geologists 
considw these clay deposits to be derived from the denudation 
froin»old crystalline and granitic rocks ; Mr. Green, in his book 
o^GCilogy, says, “from the decomposition of felspathic rocks 
carbonated water.” Messrs.* Pengelly & Heer, at p. 9 of 
their memoir, “On the Lignite Formation of P»ovey Tracey,” 
published in the Pldlosojihical Tmnsaciiom, make reference to 
“ the p^ipbablo derivation of the dep<jsit from the degi*adation of 
the Dartmoor granite ” ; hut Mr. Maw, in quoting their opinion, 
says ^t “tUis inference .seems to be due more to the geo- 
jjrapbical proximity of the granite to the clays of the lignite 
formation than to any mofo certain evidence ” ; and further that 
** the occurrence of bnds of sibilar physical chnractUr and*{igc| 
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far rcnioml from ilio source */df granitic mafe^iiiLs, wouM seem 
to throw (l(«ubt oil the suggested local origin from the granite 
of Dartmoor. ^Ir. Alaw then proceeds to give the evidence 
which has led him to form tlie opi^iiion “ thaW*thc geographical 
distribution of the while tertiary clays, which arc* either super- 
imjiosed on, or in close ]»roxiiuity to, the,., chalk, suggests their 
davivation from it rather than f*’oni the granitiir rocks, ^fr. 
Maw’s paper is exceedingly interesting, and well worthy the 
attention of all iniereste<l in the composititm and qualities of 
these clays, hut limibid .space prevents a full resuim* of it luire. 
Were all the white clays as free of siliceous materia! ns those 
he investigated, there wuuhl he little difliculty in coinciding 
with his opinion ; hut liow about those from the ^ame deposits, 
containing su(di an excess of ''ilica as those examined by Dr. 
Y^atson contained ? 

Those clays which arc; .so free of silieecnis ingredients as those 
referred to by ^Ir. Maw will rerpiirc a much larger admixture 'of 
flint in the slip than those tested by Dr^AYatson, and such 
marked dilfereiices in the ronstituent comi)osition of these 
pottery clays show how foolish the dependence, in potting of 
any mere “rule of thumb” practice of eompoiinding slip bodies 
must necessarily bo, in securing uniformly good biscuit wares. 

Pipe Clay. — As snpplemenUiry to the analyses of those, the 
following analysis, by l>r. Yoelcker, of white pi])c cla;i>frt)m 
>lewton Abbot may be given, as it is quoted by Mr. Maw in 
confirmation of bis opinion of its derivation from the watery 


dissolution of chalk. 

Soluble in hydrochloric acid : — 

Moisture and water of combi nation . . .9*09 

Oxide of iron t,0*50 

Alumina 18*05 

Lime , . . 0*18 

fMagnosk ........ 0’14 

* • t c 0 27*96 
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Total 8olul)>i ill liydrochloric^fitl . . . . 27*96 

•Insoluble in liydrocliloric acid : — 

Alumina ... .... IS’S?* 

Lime ^.0*2.^ 

Magnesia 0*1S 

Silica . . . * 51*88 

Alkalies and los.s . . . • . . . .0*86 

7J?*04 


100*00 

These fdays arc often of grey or blue colour bt'foro exposure 
to the air, but when so exposed become, from further oxidation, 


more or less^ellow or red. 


The following is an 

anjily.«5i.s of a yellow clay used {()r coarse 

[ire ; — 


Silica . • . 

58-07 

Alumina 

27*38 

Iron oxide % 

3*30 

Lime . 

. *50 

Magnesia 

trace 

Water, etc. . 

10*30 


99*55 


Olay owes its distinctive colour to the quantity of 
cafbdleaceoua or bituminous matter which it contains; one 
variety of it, containing 13 per cent, of carbon, burns extremely 
whit#, which is caused, !Mr. JMaw states, *‘by the reduction of 
its sesquioxide of iron in the kiln by reaction with its carbon- 
wjeous ij^attor.” lifall thcise clays the black colouring matter 
is entirely consumed and dissipated in firing, leaving the 
biscuit ware o^ a very good white, and which, indeed, is said to 
^ the whiter in proportion as tire clay has originally been 
blacker. The analysis of> a variety of this dark-coloured clay 
was given in^ a former cha^r as ; silica, 78*23^ alunilna, 
3 
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23*25 ; oxide of iron, 2*54 ; alkalies and alk'Jine earths^ 1*78 ; 
loss 0'20=- 100*00. J'liis wiis an analysis by Prof. Way of. a 
black pipe clay from the Lo\YeT Bagshot deposits in tbe. Island 
of Braiiksea, Dorsetshire. 

Cracking Clay is so called from the ienrleiic.y it ])osscsses of 
causing the ware to crack in ihe< biwaiit iiriiig. This tendency 
to cracking may, to a great extenl, be cornTied by a judicious 
admixture of oth(!r clays and Hint, but jjrobably the clay 
wouhl be little usetl in ]»otting, owii^g to the trouble and un- 
certainty tliis occasions, were it not f(»r the fact that it jm-iduces 
a biscuit ware (jf extreme whiteness. 

n 

Brow];i Clay owes its colour to manganese }>robably. It 
tfrodiuies a white biscuit ware*, ])ut this lias such a tendency to 
imbibe moisture, that many jiottei’s refuse to use Ihis clay at all. 
The moisture which it imbilMis in tlie hise.uit state is parted 
with only in the glost kiln, and its escape t]tere causes the glaze 
to craze much. This clay besides will not bear (ixposure to any 
great amount of heat, and it is therefore generally only used for 
black and common red wares. 

The following are the analyses of two varieties of it, tlie Hrst 
of which is from Dorsetshire : — 


Silica 

. fi3*00 

. 49 '44 

Alumina . 

. 02*00 

. 34*26 

Oxide of iron . 

. 3*00 

. . 7U 

Liriio 

. 

. 3 *48 

Magnesia . 

. 1 *00 

. 1*94 

Water and Lo.s.s 

. 1*00 

. ‘>.'>*14 


100*00 

100*00 


Blue Clay is decidedly the best of all the ball clays. That 
jfrom Dorsbtslire is preferred te the Devcuishire {or earthenware 
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and stoneware nillnnlaetnre, an(t commands a higher price in 
the potteries, wliich may on an averagg he ahouff an eighth 
more, than tli(‘. price of tlie latter. This clay coi^bines the 
greatest nuniher*of good qiialitiiis. It produces a very white 
and solhl body of ware. It is capable of being advantageously 
mixed witli a greater iMU‘c,entiigo of Hint than any f»f the other 
ball (ilays or cliiiui clay. Thw not only increns(*s the whiteness 
of the ware, Init prodiici's a better body, and counteracts also, 
to a great (‘xtent, the tendency of the clays which have an 
excess of alumina in theif composition, to shrink too much and 
crack. Its <*.olour has been attributed to its being derived from 
flic decwu])osition of the felspar of .syemite, a variety of granite 
in which mtoa is reidaced by hornbhuule ; but if its origin can 
be proved to be from chalk, its colour mu.st then be attributed 
to a ]m)toxide of iron. Mr. Maw gives the composition of flic 
Poole clay, sq extensively used in the potteries, as silica about 
00 per cent., alumina about 34, potash 2, oxide of iron and 
water about 4 = 100*00. 



CUAPTKR VI 

” ORIGIN AND COMI’OSITION OF DOUSKTSllimi: AND 
DEVONSHIRK OLAYS 

I N the uveviony (‘liaptor a quotation is giv(‘n (p. 28) 
from Mr. flaw’s pap(‘r in tlie Quarterly Journal tf 
the Urohyical Society, in wliioli lie quotes Jlr., Cliarles D. 
lllakc, of Newton Aliliot, as stating that “ the mines tlicrc 
produce clays containing silica and alumina in every proportion, 
from 95 to 00 per cent, of the former, and from 50 to 4 per 
cent, of the latter.” Now, hy referring to the first of these 
articles on clays, it will he seen that clays are essentially 
hydrated silicate's of alumina — that is, they are eoniiioscsd, when 
imn*, of a chemical combination of silica, alumina, and water 
— the alumina having the property of absorbing and retaining, 
under less than a very high temperature, a considerable ^to~ 
portion of constituent water, to which the plasticity of the clay 
is due. Clays rich in alumina, known as “ fat,” are thus more 
liable to cracking and shrinkage than poorer or “ineugTe” 
clays ; but this tendency is corrected by the pre.sence of a due 
jiroiiortiou of silica, clays deficient in the latter reqiiiriil^, of 
‘ cour.se, a larger iiroportion of ground Hint mixed with them in 
^ the slip to pivuluce a good sound biscuit b^pdy. liesi^s their 
constituent or chemically combined water, clays are found often 
containing greater or less iiercentages of moistyre, which is 
called their hygro.scopic winter, and which they part T^ttk- .in 
drying,’ or at a low heat, while it requires a red heat to deprive 

yreijj of tllb former. Now it, ft evidon^i that yny substance 

89 
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containing 95 per cent, of silica, JntI, say, 4 •per cent, of 
alumina (which iS the ininiimAn percentage found in the 
Newton Abbot mines referred to), could gnl}" — supit)sing them 
perfectly pure, nnd thus free of all impurities, such as iron, 
lime, magnesia, e*c., and alsc; quite dry or free of all moisture — 
have 1 per cent, of constituent water (05 4 + 1 = 100). As 
none, however, of tliese clays arc found absolutely pure, hut on 
the contrary have at least from 2 to 4 per cent, of impiritfcs, 
there cannot, be in this case sufHcient water to impart pbisticity 
and to constitute clay. It is therefore j)robable that as the 
disintegrated inatefial of (lie rocks from which the deposits in 
these mines have been derived — whether from the decom- 
phsitioiuand waste of the Dartmoor granites (jr otherwise — 
have been deposited, owing to the dilTerent specific gravities 
of the silica and alumina, in various beds dilfering widely 
in their respective proportions of these materials, that tliose 
referred to by are really de])Osit8 of silica, mixed 

with 6 per cent, of alumina, and iron, lime, or other im- 
purities. ^ 

Mr. F. W. Kudley, of the Museum^ of rrac^cal (leology, in 
his remarks on the origin and composition of clays {iJaialogue 
of Specimens j p. 4), says, that “ when the remains of the 
decomposed felspaivs arc washed into localities where they 
become mingled with other earthy mattens in a linoly com- 
minuted state, or when they have been derived from a rock 
winch contains decomposing hoijiblemle, tlie resulting material 
is no longer white, but is variously coloured. Kven when we 
suppose the purer varieties to have been deposiU*d in the first 
instance, and to have formed di.stinet bo<ls~as, for example, 
.the clajj-s of llove^^ I loath field, in Devonshire, which aj)pear to 
have been washed, with other detrital matter, and oven trees, 
from^e granitic region of a part of Dartmoor in previous 
gpelogical times — it is easy to seo-iltat these clays may be again 
removed by atmospheric influences, rivers, and other abrj^jling 
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’ agents, and thus he rendered imjmrc hy the admixture of a 
variety of suhstanccs brouglA into intimaio association with 
them by these cause^i.” 

In this^way bc'ds of rc-dcposit(‘d clays of very varying com- 
position may occur, more or lesl* widely (.Visjuirsc'd, and of 
varying thickness. 

In rcfenmcc to the Teignmoutli clays, lp)e la Bcche says:^ — 
“ These clays ” (which he calls siu)ra-(;rctaceoiis or tertiary, they 
having not, when he wrote, been ascertained to be of Miocene 
Age) “are stated to have been iirst worked about the year 1730, 
and would appear to have been form^Hl naturally, much in the 
same manner as is now done artilici.dly in (Cornwall and Devon, 
though on a Larger scale; decomposed granite havieg been 
washed d(jwn from Dartmoor into a lake or estifary, so that 
while tli^> grosser particles were lirst lodged at its higher end, 
nearest the granite, the fine sediment was accMiiuulated at the 
lower i»nrt.” 

The Poole clays, Mr. Itudley states (]). b), “are examples 
of tolerably pure clays (that is, containiiijii a large ])rop()rtion 
of silicate of akimina, \\;ith free silica, but witlnait injurious 
ingiedients) which have been accumulated far from any de- 
composing crystalline rocks, such as granites, ]»orphyries, and 
the like. ... Its decompos(‘d felspathie matter, allbrdingidhe 
silicate of alumina, and a portion at least of the free sili(fh, may 
readily have been derived fi’om other beds, such as those 
of many sandstones, in whiiji that matter may have^^en 
disseminated. Prior existing clays may also have been broken 
up and re-deposited.” 

As sandstones seldom contain much felsjjathic ingredients, 
^ other than the siliceous, it is more ja-obatSle that th# Poole 
clays have been dei‘iv(}d fj*ora the waste of clay-slate rocks — an 
opinion held hy Mr. Robert Hunt, P.Ii.B., of the Mining^eeord 

^ Itepoj't on the Gcoligy of Gormhill, Devon, awl Wed Homcml, by W 
n. dc la IJcchc, F.U.S., 8vo, 1839., 
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office. Tliese (;la¥S appear to have l)ecn worked^ at an earlier 
date tkan the Tei^niouth clays-*-at all events they are referred 
ta in an “Order of Council,” in 1666, which directs that no 
dues were to be jiaid on tobacco-jiipc clays* by which name the 
Toole clays are designated iij an Act of Parliament, obtained by 
Toole, in 1756. Mr. Kudlcy gives an extract from llute, lung’s 
llisiory of DorseU\irp^ published in 1774 — for whicdi he 
acknowledges himself indebted to !Mr. William Jose pli. Tike, 
of Warehary — in whicli it is stated that these clays'^re the 
cliiiif exports from the “ Key of Wareham ” ■ and from the edition 
of that work publislK'd in 1796, he quotes that “good tobacco 
pi])C clay is dug round this town (Warediam) at Arne Hill, 
Heiiegeii Hill, Xorden, etc. It formerly soUl at 50s. a ton, 
but now (4796) at 14s. or liis. Kearly 10,000 tons are 
annually exported to London, Hull, Liverpool, (Uasgow, etc., 
but the most considerable part to Liverpool (Uuncorn), for Wie 
supply of tlie^ Stall’ordshire potteries, and to Selby for the use 
of the Liieds ])otteiies. The i»rincipal pits are on Norden and 
Witch farms, the Jjtrmer bebuiging to William !Moreton Titt, 
Ksq., and the latter to .lolin Calcraft^ Ksq., an^l the clay taken 
from the same is in great repute with the Stalibrdshirc and 
Yorkshire potteries from its peculiar excellence, and being the 
principal ingredient in the Avare commonly called Staifordshire 
ware,^o universally in use in this Kingdom, as well as in many 
parffe of Europe.” In 1874 the production of Toole clays was 
7<J^5 tons, and of Teignmouth clays 59,789 tons. The 
production in 1882 Avill be given at the close of these papers, 
Brislow states that much of the Dorsetshire pipe clays, which 
are not of sulhcicntly good quality for use in the potteries, is 
convey^^d into alufli by treatment with sulphuric, acid. In his 
paper on the white clays of the Lower Tertiarie.s already 
refeiTed to, ,Mr. Maw gives the under-noted analyses of the 
^Wy^of the Bovey Tracey lignity cfcposits, Ko. 1, being a china 
ball (or pipe) clay, and*Ko. 2, a blue ball clay from*NeAvton 
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‘ Abbot; he also gives, N’oJ'S, an analysis of ball clay from 


Warcham. 



No. 1. 

No. 2. 

No. 3. 

Silica . . ./ 

. . . 67-50 

. 47-00 

60-00 

Alumii'i 

. 29-00 

. 48-00 

34-00 

Oxide of iron . 

. » 1-00 

. *1 -5)0 

2 -.50 

Magnesia 

. 1-50 

. 2-00 


Potash . 

. — 

e — 

2-00 

nW^tcr and waste . 

. 1-00 

. 1-50 

1-50 


100-00 

100-00 , 

100-00 


Mr. Rudlcy gives the uinlernotcMl ar the r 

dative composition 

of the ball clays of Devon and Dorset rf*sj)eeiively, from analyse.*? 

made in the Laboratory of the of T 

i-ae.tical Geology, by 

Mr. W. Weston, viz.: ^ 

Jiovey^ir Tcifjnm<mfh f '/«//, a natural Kaolin from liovey 

' llcathftohly DeroJi^hire. 

Silica 

. . . i32-06 

Alumina 

. 29-38 

Potash • 

. 2-29 

Lime 

' . . 0-43 

Magnesia .'* . . I . 

. 0-02 

Protoxide of iruii 

. 2-37 

AVater, combined 

. 10-27 

,, hygroscopic 

. 2-56 

99-38 

/Wc, or Blue Clay, f non W'airhain, Dorsetshire. 

Silica 

. 48-99 

Alumina 

. 32-11' 

l^otash 

. 3-31 

Lime 

. 0-43 

Magnesia 

. 0.’22 

Protoxide of iron 

. 2-34 

AVater, combined 

. , . 9-63 

„ hygroscojiic . i ^ . 

. 2-8^ 
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Ansted^ gives the following analysii as that of Uic best blue 
clay — such as occuii in the AVarebam beds, viz.: — 


Silica 



. 46-38 

Alumina 



. ^38-04 

Iron oxide . • . 



. 1-04 

Lime 



. 1-20 

Magnesia • s • 



trace 

Water 



. 13-57 

• 




100-23 


In the Island of A’lirheclc thcr(‘ arv. <lej)osits of (day of such a 
variety of composition, that they may be found there suitable 
fdt cvcrji purpose, exce[>t those for which haolin, or the best 
china clays, we required. 

^ L^xfurcs oil Vi'tv'lh'al (koloijif, liy Professor J. T. An.st^], M.A., 
F.R.S., London, 1865. 
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ORIGIN AND OCCURUENCK OF KAOLIN ^JR CHINA CLAY 

H a\ now given a brief account of those pottery clays, 
80 called, cliicdiy used in the inaniifactiire of earthenware, 
it may be intercisting to refer shortly, to a noti(jcable difference 
in at least tlie mode of oc,currence, if not in the origin as well, 
of these clays from that of kaolin, or e.hina clay proper# 

The former may be called natural ])roduct» in contra- 
distinction to th(5 latter, which are so far arfijirinl that, with a 
fcV exceptions — which are siillicient to show, however, that 
the dilfenmce between them is more accidental than essential — 
they do not occur as dejjosits lit for use wilhout certain 
processes of preparation, which are m*t necessary in the case of 
the former. 

The pottery clays, whatever their origin, have been separated 
from the rocks from which they are derived by the disintegra- 
tion of the latter ])y natural agencies, chemical and atmosplinric, 
and except in such cases as those referred to by ^[r. Maw, in 
which they are found in liollows of the chalk or lime^onc 
rocks, from which they have^ l>robably, as he believes, lUecn 
derived, have aft<!rwards by rains or streams been gradually 
washed down, during long periods cd time, into lake's or 
estuaries, until tliey formed thick beds, such as those of Bovey 
Tracey, AVareham, Purbeck Island, ami othe’t localities. 

In the transport, by the agency of running water, oi the 
materials separated by the chemical and atnioafdieric action 
referred hi, from the rock mtvs^cs they have l)cen derived f?bii^ 
they would naturally, according to the'nature of the intervening 
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ground and the Ic'^gth of transit froAi their higher source to 
their final deposit, Be assorted intr> beds of varying composition 
— particles of undocomposed rock, grains of quartz, iron pyrites, 
and other impurities, being the heavier *of these materials, 
■would mostly be gradually ^eft behind, cn route, or deposited 
near the margin of the lakes or estuaries ; -Vhile the finely- 
divided particles of cky, owing to their lighter specific gravity, 
would be carried beyond these, and ultimately deposited in tiie 
beds, of whiph they constitute the bulk, in a comparatively 
pure shite. As the clays of the Jlovey Tracey beds may 
probably have been carried, so far as they have been derived 
from the granites of Dartmoor, a distance of 10 to 12 miles, 
ir not more, it is thus easy to account for their comparative 
purity. (Jnnthe other hand, where any of these clays, or those 
of the Toole beds, have been derived from other roek^ such as 
chalk or clay slate, or j)erhaps in some eases from previouSy 
formed urgillaceoiiH sedimentary deposits, from a less distance, 
the freedom of those rocks or d(‘posits from the other 
ingredients, associal^jd in the granites with those constituting 
silicates of alumina, would as satisfYdorily account for their 
purity. 

Thus, whatever their origin, these iKittcry clays are found 
depi^ited in thick beds, washed ami freed by Js'aturc’s hand 
from all such extraneous ingredients as would otherwise have 
prevented their employment without such preparatory processes 
as are necessary to produce kaolj^i in a state fit for potting and 
other manufacjturing })urpos(\s. 

iTie mode of raising t.he Teignmouth and Toole clays is an 
extremely simple one. It is thus described by De la lleche ^ : — 
The gisavel or othef surface covering, or “ head,” as it is called, 
being removed, large rectangular pita are sunk, the sides of 
w hic^ are supported by timbers. As the pits are sunk stages 

^ jUejioH oa the Geology of Cornuifli* Devon, and IFait Sonicmt, by 
Sir H. T. Do k Bcclio, 1839. 
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are erected, end the worlincn who cut out /the clay in cubical 
lumps, weighing from about* 30 to 35 lb. Wh, fling them up 
by means ,of a pointed stafl^, from stage to stage, according do 
the depth, after which the lumps arc cjirricd to the clay cellars 
or sheds,’ whence they arc forwarded, when* suflicicntly dried, 
for shipment to the pott(‘ries or elsewhere. 

As might naturally be ex])ectcd, these beds of clay, occurring 
tliMs in a state ready for use in the manufacture of pottery, 
were certain to be utilised, as they were, at an earlier period 
than that in which, owing to the iiicreasfMl importation of 
Chinese j/orcelaiii — first introduced into Europe, as an article of 
commerce by the rortiiguese, about the year 1520— (although 
there arc notices of Eastern ])orcelain having found* its way 
there twenty years or more previous to that (liite)‘an improved 
taste, anc] the coiisequcnt desire to imitate and rival the Chinese 
pod'celain, led to numenuis attcm}»ts to improve JCuropcan wares, 
and for that purpose to find superior clays to the pottery clays 
then in general use. Although, however, it is said that a soft 
paste was made in Elorcnce as early as it was not till 1709 
that lUittcher successful in finding china clay and in 
making white porcelain in Saxony. Jn 1710 he was appointed 
by Augustus ii., Kh'ctor of Saxony, director of the Meissen 
factory, and five years later ho succeeded in making exceJfcnt 
true hard porcelain there. That factory is still in ope'lation, 
and producing the fine porcelain known as Dresden c^ia. 
What clays llottcher first u,s<^d in Saxony is not known, 
although it is ])rohabIe it was those found at Seilitz, near 
Mei.ssen ; but he finally (unployed the china clay of Auc, near 
' Schneeberg, in the lu-zgeberge, one of the best-known localities 
^or it in Europe; where the finest jiorcelafn clay is oVtained 
from beds of decomposed gnei.ss — a nietamorjdiosed granitoid 
rock, composed like granite of felspar, quartz, aisd niicJL In 
gneiss the felspar often, if itoK generally, occurs in a soft sJal^^ 
and destitute of pohish, or nearly so, and by decomposition thus 
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readily •produces koolin. Tliia ^aedin was long known as 
Sell norr’s white earth, owing, it is said, to its discovery by »]ohn 
Schnorr, an ironmaster, who, riding near Aue, observed a soft 
white earth .'idheyng strcmgly to his horse’s feet. Yhis was 
subsequently us(\d and sold largely as liJ^ir-powder, as a 
substitute for wlieat-llower, and some of it coming into 
Bottcher’s bands, he was LmI, from linding it lieavier than the 
ordinary powder, to expeiiment with it, which r('.sulted-^in his 
discovering its identity, as Avas then supposed, with the 
Chinese kaolin — th^ substance he had long sought for the 
manufacture of his porcelain. 

fThis ] 4 prcidain earth of A lie, according to a report by Mv. 
Oelschlagel, Referred to by the late John TIawkins, r.R.S.,' 
occurs in a ccjno-shaped, eruptive, granitoiil mass, covered by 
micaceous slate, in two IrmIs, separated by a bed of granite, ti#e 
whole of which is in a very decomposed state; the felspar 
being converted into kaolin, which constitutes from a fourth to 
a fifth of the mass, luixed with quartz, undecom]M}sed orthoclase 
felspar, mica, oxide of iron, ami pinite.y the purest being found 
at the top, ami the fineness and friableness of it diminishing in 
depth, until it passes, through all degrees of induration, into a 
firm crystallisation of felspar, while the quartz and mica occur 
in masses easily separable by the hand. 

Kfttt to Aue, the principal spot in Saxony where the 
porcelain earth occurs is at the village of Seilitz, above 
mentioned, where it is found 20 leet thick, with a covering of 
clay {frith shells, and resting on a bottom rock of ix^rphyry. It 
is mixed with quartz and particles of greyish clay ; and lumps 
of pure^kaolin of ttle size of a man’s fist oexur in the mass. 
This porcelain earth is more free of oxide of iron than that of 
Aue, but it sh^;^nk8 more in the kiln, and produces a less durable 
pjjjl^Sin. !Mr. Oelschlagcl’s opiij|o» of this porcelain earth is, 

^ In a paper in The Traim^ions of tjie. Oeolotficai Society of Cornwall^ 

vol. vl p, 82. • 
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that it has been formed fro^ the deeoini^sition of porphyry, 
lie prol)ij,bly iiicaiis a jiorphyritic granite, such ns that, of 
Cornwall and Dei on, coiitjiiiiing large prismatic crystals of 
felspar, ‘oy the docoiiiposition of which the. clay would he 
produced. o 

In the IVincipality of Passau, in Aus1t"ia, Gelilcn slates that 
haolyi occurs at KelIlM‘rg, in a^ district of gneiss ami granite, 
near bvfi surface, and in a state of great, although much-varied, 
decomi)osition, the fclsiwir, in some p»)rtions, being found in 
every stage of disintegration, in others, elitire and unaltered. 
The chief dep(»sits of the kaolin arc fornie<l, he says, by stratified 
masses of decomposed felspar, alternating with a very decom- 
posed gneiss ; and while the fels]»ar, on the one lif ud, occurs in 
every possible stag(' of decomjK)sition, the kaolin, on the other, 
otvliibits various (.legrees of iineness, or of pulverisation, some of 
it being so pure and impalpable as to be wholly suspended in 
running water, while others retain a sort of grittiness to the 
touch, seemingly occasioned by an inij)erfect or disturbed 
crystallisation.^ From tiie beds at Ktjllberg, near Passau, the 
Koyal Factories of Vienna and Munich are supplied with 
kaolin. 

In 1750 the manufacture of porcelain was commenjjj^d at 
Jlerlin, and in 1763 Frederick ii. l>ought the works there, and 
converted them into the Perlin Koy.-il Factory. The Perlin 
porcelain is made from kaolin found at Gomritz, below flalle, 
in the district of Magdeburg, and at Gothenburg and Giera, in 
Lower Silesia. 


Among the Kuropean lioyal l*orcelain Manufactories, that of 
Sevres holds the first rank. It was ]jur(!iiaaed by l.^uis xv., 
in 1759, who appointed Poileau director, and, lje.sides perfecting 
the works, the latter occupied himself in the endeavour to make 
hard paste, and made seviraj attempts, by purchase an^>ijjf.r' 
wise, to secure the secret of the process claimed to be in the 
TOs&es8ion‘of the Uanuongs, uT Strasbufg, and withers, but un- 
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siiccessiiilly. As Jr^quemaTt has “The invention of real 
hard pottery is less within the domain of ceramic industry than 
of geology ; tliere— no elforts of imagination, of creation properly 
so called — the felsp^ithic rock must Ixs had ; the rest comes from 
one’s self. J'orcelaiii j)roduce(l herself iiaturLlly the day when 
people, strangers to ‘ciejiee, had laid their hand ujKm the 
sought'for clay.” “And it was hy chance at last,” say? tlr' 
same author,- “that Franc(^ acquired the coveted m.Aerial.” 

“ (.)ne ^ladamc l^arind., wife of a surgeon of St. Vrieix la Terche, 
about 10 leagues fo)m Lifln)ges, found in a ravine a white, 
unctuous earth, which ap]ieared to her fit for washing linen. 
She sho^^!d it to her husband, who, more versed in the questions 
of the moment, suspected that this might be the clay they sought 
for. lie ran to an apothecary at Bordeaux, named Villaris, 
who recognised it to be kaedin. Then took up spccimei.^ 
which were transmitted to the chemist ^lacquer, of Sevres. 
He went to St. Yrieix, in August 1765, and, after repeated 
experiments, was able to read to the Academy, in June, 1769, 
a complete memoir upon French liard jwrcelain, and to exhibit 
perfect types.” The composition of the St. Yrieix kaolin, 
which is that used at tin* Scvr(*s factory, is — silica, 48 '00; 
alur^iia, 37 '00; alkalies, 2*05. It occurs there very abun- 
dantly ih decomposed granite, resembling that of Cornwall. It 
is generally >vhite, sometimes, from the presence of iron, of a 
yellowish tinge, and lias very little mica. Like most of the 
kaolins, it is meagre to the touch, and contains a good deal of 
free Silica, in the form of quartz graiu.s. It makes a very trans- 
parent porcelain, and since its emi»loyment at Sevres, the fame 
of the^St. Cloud fectory has been much enhanced, especially 
under the able scientific directorship of the late M. Alexandre 
Brogniart. , 

of the Ceramic Art, by# Albert Jacquemart, 2nd edition, 
1877, p. 573. 

p. 678^ 
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From tho dates above it will appoAr that tlio discovery 
of china ^lay in this country was almost contemporaneous with 
its discovery in France, and m>t long after its discovery in the 
comparatively few Ioe.alities in Saxony and^othor parts of the 
continent, where^ as yet, it has been found. The instances, and 
dates of those given, may sullice, as Ihesc^chapters have to do — 
«ot \vith the history of Eiiro|)ean, or even English earthenware 
and 'ijv^.xelain, but— solely witli the potting materials them- 
selves. 

In 1745 an adventurer broughrback A^th liim to London 
from Virginia some* kaolin, Avhich, owing to its rarity, sold at 
that time for 13 guineas a ton. William Cook\yorthy* a 
Ply mouth quakcr and chemist, is said to have haj his attention 
directed to this material by the person just referred to, and as 
1 m- had^started a pottery at Plymouth in 1783, he, it may bo 
presumed, was inuc-li interested in it; and having a great 
aptitude and liking for g(‘ological research, he doubtless, during 
his journeyings through Cornwall, had been long searching for 
a superior clay to thosoiof the Teignmouth and Poole beds, 
which he proT/ably had 'been using in the above works. The 
existence of the Cornish clay and stone may liave been known 
to him for some time ere he could favourably for hi^uwn 
interest make it publicly known. It has not bceiv clearly 
ascertained avIhui he first discovered them, hut from a <>hort 
account qf his life published ly^ his grandson,^ it was about the 
year 1755, and if so, it Avas the first discovery of the china 
stone in Europe. It may he pre.sumed that the stone Avfs dis- 
covered hy him first, and that by further investigation and 
experiment by Icvigation of the clay so ofleii found associated 
T the china stone in siiUy he found it to he kaolin. From 
his grandson’s account he ap|)ears first to have i^pund both the 
stone and clay at Tregonmiig Hill, near llreage, then 

^ Memorvds of William Coohworthj^^hy Ids Grandson, with an 
Api)endix, IJhudoi, 1854, Also anofcer Appe|»dix pub^sbed in,1872, 
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parish of kSt. K^icpliAii’s, and afterwards in the domain of 
Boconno(3, the family s(‘at of Thomas Titt, nephew o^thc l^iirl 
of Chatham, and af Upwards Lord CaraelforS. In 1768 Cook- 
Avortliy, in coinpany«vitli tlie latter and others, secured hy patent 
the exclusive use of the Cornish china clay aiuf stone, and with 
these materials, along •i)robahly with the clays of Devon or 
Dorset, carried on the niainifac^iire of jMircelain for som(‘ jTeaiS 
at the Plymouth j)ottcry, which nmlouhtedly was the one at 
which “hard” or true j)orcelain was first made in England, 
llorhisc, in his lYaJuTal J/i47n'n of Cornwall (1758), mentions 
white clays at Tregoiiuing Hill, but ■without being aware of 
theTr nature evidently. Tie states that Cook worthy had made 
experiments <yi tin* llreagc china stone, and that it had been 
found useful for the manufacture of porcelain. Prvet^ in his 
Mineralogia Cornulnensia, published in 1778, states “th^ 
artificial kaolin (china clay) was then prepared in the parishes 
of llreage and St. Stephen’s by repeated w’ashing with clear 
water, and afterwards packed in casks and sent off, and that 
Mr. Cookworthy, liy^is late improv(|nents at his porcelain 
manufactory, then established at Hristol (having been removed 
thither from Plyin(»uth), was likely U) pfbduce ware which 
shoulvikrival the best Asiatic china.” 
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COKNISII CHINA CLAY— C(>Mr()SITlON AND ANALYSKS 

P ORCKLAIX rlay is the purest f(»rm of liydraicd silicate 
of alumina, and is a substaiict' of roniparativtdy rare 
occurrence in a natural condition. Kven the material from 
'vvliieli it is •^mnorally artificially produced has as ®yct Ifccu 
fouml in Kurope hut in few localities ; and iii^^ngland only 
in the granite riichs (»f Dartmoor in Devonshire, and in tlio.so 
of Cornwall. From the fact of the great hulk of its production 
in England being from the latter county, it is often called 
Cornish clay; hut the name hy which it is host known, and 
which is that generally used hy potters^s that of china clay. 
Outsiders— scientists acid others — usually call it kaolin, but, 
if hy that is meant that it is really identical in composition 
with the Chinese kaolin, it is questionable if that name ho 
not a misnoinor when used for Cornish clay. KaoliilJ' how- 
ever, Inis been so long iii general use, and is so eftoEt and 
convenient, thiit it will probably continue to he used for 
Cornish clay, so long at k%st as people are satisfied to use 
such names as shell-fish for mollmscs, which are not fish at all ; 
or hlacl'dcad for graphite, of wdiicli pencils and crucitiles are 
made, and 'which has not an atom of lead in its composition. 
T^e Chinese, porcelain clay will he referred to at length. In 
the ra(*antime, howcvi^r, it may he suggested that “ clarclazin ” 
would ho a more correct scientific name for Cotnish cky than 
that of the Chinese tenrf lAiolin, as lieing derived from 
furrier decomposition of the ^granitic rock, for which the 

Aamo of clEfrclazitc ” has ISfeen proposed W Mr. Collins, 
60 
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in liis vahiabli3 monograph of « Tha llemharroio Granite 
District} 

Afr. Collins’ iiioiiograpli treats fully of* china clay and its 
^ production, that itA)nght to })e in the hands of every potter 
ndio takes any interest whatever in tlie mafcrials which he 
employs or works witlf. 

There are many persr)ns, however, in every trade wl/ db 
not interest tlieniselvt's in th<‘. natural history of the materials 
with which they work ; and while spacic cannot he alforded 
in its pages for suedi full* details as are requisite for the 
completeness of monographs of the various materials used 
hy the tMile, its pro])rietors have been (uicouraged to provide 
such j)opiila* accounts of these as may be likely to awaken 
a scieiitilic interest in tliem, amongst those of it«^ readers 
who may not hitherto have thought of them in this 
way. 

Although, as will be shown liercafter, there ar<^ other rocks 
than granite from Aj^iich china clay jnight be, and jwobably 
before long will be, i)roduced, its pro< 4 uction as y(‘t has been 
confined in England to the matwial known in Cornwall as soft 
“growan,” which is a more or less decom^sed granite. It is 
by till? decomposition of the felspar of the granite', which is its 
base^aiM constitutes never less than a third and generally at 
least one half of its bulk, and sometimes even more, that its 
disintegration occurs. It has b(%n shown - that in the largest 
granitic mass in the United Kingdom, that, namely, which 
runs ^uth of Dublin, for a length of 70 miles or so, the 
granite contains 52*94 per cent, of fels]>ar, while the comjjosi- 
tion ^ the granife of 81ievenaglogh (Alourno Afountains) 

^ TJie RciiifJja^row GravUn District^ by J. U. Collins, F.G.S. Lake & 
Ti'uro, 1878. 

* In a paper on the “Lowr Pal,T7o^oio Rocks of the Soiitl^East of 
Ireland," by Professor Haiighton^und J. Beete Jukes, Trans, fi. L 

ml. ^»in. ^ 
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shows a still larger proporl-oii of felspar, it being composed 
of — , 

Qiiartj 20*70 

l^V'lspar . . ' , . ()t)-37 

Mica 12*76 

99*83 

and the f(*lsn:ir of tlic llensharrow graniio forjiis two-thirds, 
or GC*6G, of tin; mass, acf^ording to l)r. ]Jerg(‘rJ l*rofessor 
llaiighton - liolds iliat the graiiitos of Cornwall wore, in their 
primitive eoiolition, f»f igneous, and not like many other 
granites, of aqu<‘ 0 us origin, hut th(‘y are of a much looser 
texture than most granites, and therefon* more Vemlily disin- 
t^g»ratedC'l)y atmospheric influene(*s. Mr. Sorhy, Kd.S., who is 
so famous for his mieros(u»pical examinations of rocks, concludes 
that the granites of the Scottish Highlands indifjate a pressure 
when being consolidated of 2G,000 feet more than in the case 
of the granites of ( 'or vail.*' This may»heli> to account for 
the fact of their being, ^ in some localities, so generally reduced 
to the condition of growan, and of the absence of a similar 
material in most other granitic di.stricts. 

The felspar of the Cornisli granites is generally that known 
as orthoclasc, a potash felspar ; and it is mainly from the 
decomj)osition of this that the china clay is produced. Its 
composition may be given as follows, viz. : — 


Silica 

65*50 

Alumina .... 

16*80 

Potash 

- . . 17*70 


Va. 


100*00 


* OeoloyicfU TramarJiovs, O.fc^, vol. i. 

“ Manj^l of Geology, by tliollcv. *^amuel Haiighton, M.D., F.R.S., p. 41. 
® “Observations on Granite,” Geologieal Society's JourwU, vol. xiv, 
pp. ^3, etc. 
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This "shows it to^e rich in potash, and if this alkali was 
retjiined in tlie china clay, it would become fusible and 
unsuitable for the manufacture iof porcelain, tlic rcftactorincss 
of the clay beiuj,^*(uitin'ly due’ to the absence of alkalies or 
alkaline eaidhs. Its composition may be "ive» as — 

Silica 4U'40 

Alumiaa * 

Water . 13 '90 

100-00 

^o\y in comparing' these two substances, it will be at once 
seen, tb?it of the silica of the felspar 19-10 lias disajipearej, 
and that, w^tile tlie whole of the potash, 17*70, lias also gone, 
the alumina has been increased by 22-90, while the n^t los^of 
13 ’90 lias b(‘eii replaced by water, thus — 

Alumina . . . 2*2*00 
Water. . . . 13*90 

t 

• 30*80 

Some geologists maintain that china chiy results from the 
decoJi|K)sitiou of the white .soda felspar, alliite, an ingredient 
of Sony; granites. Prufi’ssor Austed, for instance, says : “ The 
kind of granite which most readily decomposes is that whose 
felspar is of the vai-iety called #lhitc, a pearly white vaiiety 
in which soda replaces the ]M.>tash of ordinary fels]»ar.”^ Its 
compijeitiou may be given as- 


Silica . . , 69*30 

Airjmina ... 19*10 

ScHla 11*60 



^ Leclvirs on T metical (leohtyy^ by ]*rofe.s8or I>, T. AnsteH!, Al.A,, 
F.K.S. Hard wacko, 180|. * 


Silica . . -19*10\ 

Potash . . -17*701 * 

% 

30*80 = 



54 Potting Materials 

And comparing this with the foregoing f(^Tm\ila of ciuna clay, 
it will be noticed that in this case 2*2 ‘90 of the silica has 
disappeared, jind ^hc whole- of the soda, 11 *00 = a loss of 
.‘14*50, w'hile tliere is an increase in the alumina of 20*00, and 
the addition of ^3*90 of water, tliiis showing- - 

t 

Silica . . ' 22*1'0) Alinniiia . . . ‘JO’CO 

Sothi . . - ll*C0j AVatcr. . . 13*90 

31*50 -- 84*50 

As in th(‘ other case, the alkali soda, if retained, would also 
d(vstroy the refractory chaj*acter of the clay. c ' 

Nt)w the rjiiestion will at once present itseJJ to anyone 
looking at tljese results of the decoinj)osition of the felspars — 
'\"fiat liSs taken place ]»y which the i)lastic refractory china 
clay is pnjdinicd from a liighly fusilde, anhydrous, and unplastic 
material ? 

In an interesting article on (.'ornish china clay by Mr. James 
Quick,' it is allirmcd tffat^Xo generally accepted conclusion 
has yet been arrived at us to the direct causes of the formation 
of kaolin. Indeed,* he says, “ no very great amount of scientific 
inquiry has yet Ijcen Immglit b) bear upon the subject. M'atfs 
Didionanj of a/mtisfrtf, vol i., say.s: ‘Kaolin may be ^pjjosed 
to l)e formerl from ortlujclaso or J\.J )A1^0.j,68it by the abstrac- 
tion of the wliole of the potash and two-thirds of the silica, and 
the addition of two atoms of water’; Init oilers no suggestion as 
to how this may by nature lx* brought alx>ut.” 

On this point, as may he supposed, oj)iiiions of chemists and 
geologists dilfer ; but briefly it may be biktn for graiit^ that 
atmosi)h(;ric agencies are the chief agents in producing the 
growan from which the china clay is separated tho^ction 
of water. One such ag^mcji i^nndouhtodly tliat of carbonated 
water; train water absorbs a]M)ut twibe its volume of carbonic 
^Qiintterly Journal of fi£enee for (j^tober iai?7. 
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acid frcJm the atmosphere, and in acting upon the felspar it 
combines with the J^lkalies, and •forms soluble carbonates of 
potash and of soda, and these arc carried ^)fl’ by the rainfall 
or streams from the higher regions whore the gnniites are 
generally fountl, and eonvei'ed to the valleys and low-lying 
grounds, where ilicy supi)ly the necessary aliment to the soil, 
for the nourishment of grain and other crops. The silica is 
set free — a certiiin part of it combines with the alui^iiitf and 
water to forifi tlie hydrous silicate of alumina, clay ; or part of 
it remains imcombiped, and. is carried off in solution or other- 
wise. 

•Mr. Ccjlliiis quotes A'on Bueli\s observation of tlie constant 
occurrence of lluorine minerals with china clay, and his opinion 
that the clay in the neighbourhood of Halle owed its origin to 
the action of hydro-fluoric acid upon the hdspars ;«and Also 
that of Daubrec, who, writing in 1841 of that in the neighbour- 
hood of St. Austell, stated that it must liave had a very similar 
origin {Monogra})h^ pj). 34 and 35). 

lie further states ^lliat the clay ‘‘ oftthe Ilensharrow granite,” 
and, in his belief, “that of all othftr parts of Cornwall and 
Devon, is accompanied invariably by lepidqjite ” (which contains 
4*8l^of hydro-fluoric acid), “and almost. invariably by tourma- 
line” (which contains 2*50 of fluorine), “so that fluorine in 
considerable proportions is never absent,” and, indeed, “is 
everywhere ju’oscnt in the china clay districts.” He describes 
its action on the felspar, which Tie believes “ would readily give 
up iis alkali (and part of its silica also) to the fluorine or 
dccon I posable fluorides, and he thereby reduced to the s^ato of^ 
silicate of aluminv-piirt of tlio alkaline fluoride pavssing away 
in i^fTiution, the rest being deposited with the silica as lepidolite 
among the particles of kaoiin.” 

^By whiefi of these chemical age’iicies the china clay may have 
been or is produced it n»y be flifficult to decide with certainty. 
Brobably bqjli have had a large share in the decomposition of 
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tho granito that lias taWcii plar.c in Cornwall on so t-xtensive 
a scale, and both arc proUtbly still in ^xmstant operation in 
the production ofi“growan.” Air. Collins states that a high 
teniperajure is not essential to the action of fluorine in the 
decomposition of felspar, for, lie s;,'ys (p. 30), “ I have kaoliniscd 
orthoclase, and also the bdspar of the. Cheesewring granito by 
means of liyilro-fluttric acid at ordinary teinperaiures, without 
appaVently allee.ling the other ingredients of the grar.ite,” 

In the introduction to the (\it<tlorfm of Specimens in tliB 
Museum of Practical Ueologt/, it, is stated (p. 3) that “the 
jiotash, soda, lime, or oxide of iron that may be present in the 
original felspar (from whieli the china clay is derived)# is 
removed to a great extent in the form of soluble carbonates or 
bicarbonates by the action of water holding carbonic acid gas 
(^i,’.’bon » dioxide) in solution”; and referring to the fcdspars 
which arc important as e.onstituouts of rocks, “the chief 
species of which arc orthoclase, albite, oligoe.lase, labradovite, 
and anorthite,” it is stated, that while all these arc “ liable to 
decomposition, under cei’tain conditions, ^and may thus yield 
clay - forming matm'ials/ it is observable that those species 
which arc poorest, in silica, and which contain much lime, 
are more readily deccunposable than those which arc ric^g^r in 
silica and contain less lime, but more potash and soda. Thus, 
it may b() inhuTcd that lahradorite and anorthite are more 
subject to alteration than are the more highly silicated felspars — 
oi’thoolas(‘, albite, and oligoclase. It is, however, the three 
latter which have yielded the base of all our onlinary .clays, 
and pf these again, orthoclase may, perhaps, be regarded as 
that spedes which has done so most ibundautly.” The 
anomaly involved in the above quotation is one reqlliring 
either cluci<latii>ii, if the presence and action of fluorine may 
ipt account for it, 



CHAi^TKU IX 

CoUNlriJI CHINA CLAY 

I N the lasf chapter, reference Avas made to the Chinese 
kaolin, whicli it was pro}X)SC(l to discuss more fully in 
this one, hut as we had not iinished what remained to he 
saiJ aljo^it Cornish clay, the subject of Chinese kaolin must be 
jxDstponcd for tins ju’cseiit. 

Cornidi iwrctdain or china clay is mincralogieally described 
by DaiVi and others, as occurring massiv<‘, or dissemiftated,** 
rhombic, rhomboidal, or hexagonal scales or plates, sometimes 
in far.-shaped aggregations, usually constituting a clay -like 
amorphous mass, composed of small particles, whi(di possess 
only a slight degree^of coherence (ahd, therefore, somewhat 
deficient in plasticity); compact, friatlc, or mealy. Colours 
gejierally various shades of white or greyiih-Avhito, but some 
t/ineS'^from the presence of iron or other impurities — yelloAvish, 
brownish, bluish, or reddish. Opaque, sectile ; adheres slightly 
to tSngue, soft and meagre to the touch when dry, unctuous 
and plastic when wet. Lustre, pearly to dull eartliy. Insoluble 
in acids, but decomposed by hot sulphuric acid, which dissolves 
the alumina and leaves the silica. Gives a blue colour with 
cobalt solution, 11., 1*0— 2-25; sp. gi-., 2*21 — 2-03; XL., 
infusible. 

Cefflfposition — Hydrous silicate of alumina, viz. silica, 4C'40 ; 
alumina, 39-70; water, 13*90, as already given. Ordinary 
china clay umler the microscope, if ^lot Muthout, is seen to be 
largely made up of minute sLx-sidcd scales or plates o^ pearly 
lustre, translucent, flexible, inela.stic, usually unc(jUOiukandpkstic. 

* ff? 
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China clays possess very characteristic properties. They are 
of a loose cartliy texture, and liglit, friable in the hand, meagre 
to the touch, and do not readily form a plastic j)aste witli 
water. <Tlicir eoini)osilion is diflereiit from, different localities, 
the limits beingtvery Avide. Prof(^ssor Anstt'd gi viis ^ the follow- 
ing analysis as that (tf their average composition, viz. : — 


bilioa . . . . , 44*60 

Alumina * 41*110 

Oxide of iron *20 

Lime and magnesia . . . t . . t . . 1 ‘60 

Water 8*74 

Loss *r>6 


100*00 

^ rPiUt samples .sometimes, he says, contain as much as 10 or 12 
per cent, of free silica, eitlier as fine or coarse sand, mixed with 
the clay. 

In the above analysis he overstates, however, the percentage 
of alumina, which rarel5' rcach<5.s or exc^uls 40 per cent.; and 
the undernoted ones wWch ho gives as that of the finest china 
clay, is much nearer the mark, viz. ; — 


Silica. . , • 4^*32 

Alumina 80*74 

Oxide of iron ^ 

Limo *30 

Mflgn(?»ia . . . . * *44 

Water * . . . 12*67 

Loss •*20 


loo-ao 

The Cornish and Devon porcelain clays generally Contain 
some spangles of Avhito mica and finely comminuted quartz, 
which indicate their origin^rom granites. They arc nearly all 

^ Aftjdmtims of Oeotog]/ to flic. Arts mid Manufadwes^ by Professor 
I), r Auste#, M^., F.tt.S., p. 11^ 
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artificially derived from the decomposflioii (as it i*s generally 
believed) of the felspa^ iu the scho?laceous and other granites, 
which are so abundant in the St. ^^Austell imj other iflsti’icts of 
Cornwall, and of DaHinoor iu L)(‘VOiishir(i. Of these, pigmatite, 
a binary granite, is coiniioseii of quartz or fijs]>ar, but often 
containing small llakc^ of silvery white mica; and protogene, 
a talcosc granite (like that of the Aljis, which however h|s i^ 
some placet? a dull mica, or chhTi’itic mineral insksad of# talc) is 
composed of quartz, felspar, and talc. The latter derives its 
name from an erroi^ous id«a that it is the first formed, or 
oiliest of the granites ; wliereas l)e la lieclie has shown that 
the<^Cor^ish granites belong, like those of the Alps, to the 
secondary fjjrmations, and arc ind(*e<l newer than the car- 
boniferous. 

The Cornish china clay is chiefly derived from the*deco11iV 
position i>f protogone — a granite which contains talc as an 
ingredient, and is jtcciiliaily liable to undergo extensive dis- 
integration. When schorl is present, as it often is in veins 
and cavities of these fjtanites, it has, o? course, to he carefully 
separated, along with the other irapA*ities, in preparing the 
clay. 

Dr.^Jjoaso states ^ that “ protogene grahitc is, of all others, 
the most cxtensivt'ly disintegrateil, in which state it is pro- 
vincially called china clay. It abounds in St. Stephcifs and 
the adjoining parishes, and in jregonning Hill, near Jlrcage, 
and affords an interesting subject for geological inquiry. The 
formation of this sulistauce (china clay) is geicrally attributed 
to decomposition. It must, however, be i^nowledgod that, 
if sfich be its origin, the elements havof iu this instance, 
greafly transcended their usual operations.” 

The proportions of the constitugpts of granite vary in- 
definitely — with this limitation, that the felspar is always, 

' “On the Geology of Cornwall,” by Henry S. lioase. M.Dil Trans. 
Royal Qeo, SoeUty of Cornwall, voUiv. j>. 379, 



C3o 


Potting Materials 


with quartz, an nssohlial ^ ingrodiont, {orniing a large pro- 
portion of tlie wliole, as noticed in Chapter VIII., tlie rpica, 
however, sonietimrs l)eiiig hs^rely perceptible — and owing both 
to that/' and also to tlie varrying state of deiioiiijiosition in 
which it 0(5curs.in the various lo.,alities where it is worked for 
the clay, the latter also vari(‘s much in yiioinposition, as will be 
Apparent from the various analyses which will be given 
hereafrer. 

In a communication, with whicli the writer was lately 
favoured, from liobt. W. Armstrong, Esq., of Pelleek, 
Fermanagh, he gives the following as examples of the varying 
composition of the Cornish granites, from which the ’xircelain 
clays are derived, viz. : — 


Silica .... 

. 70-0 

to 71*0 

Alidhiiia .... 

. 10‘0 

M 18'0 

I’otasli .... 

8-0 

„ 5-0 

Soda .... 

0-0 

„ 3*0 

liilMC .... 

] *0 

„ I'O 

Magnesia .... 

O’O 

„ 0'5 

Wat(!r .... 

. 

,, O’O 


99 •( 

)]01*5 


Mr. Collins states,^ that “ in each of the granite niasscg; which 
rise like islands in the sea of clay slate forming the western 
extremity of England, some [lortions liavc their felspar so 
decomposed ai>to be converted into china clay. Other jiortions 
are less decoinpos(*d, and are of .sorncwliat dillerent composition, 
and those supplwthe china stone. These decomposed portions 
I arc always associated with veins of black tourmaline (scliorl) 
and other mineral^ containing fluorine ” p and he states *that, 
in his opinion, the decomposition of tlie felspar “has certainly 
oeeii effected hy fluorine .and other substances coming up from 
below, and not by carbonic (acid and water acting from above.” 

^ the China Clay and Cliina Stone of Devon and Cornwall,” by 
J, H,*Collina> F.G>S., Journal of Oi^Sociehj of^ArlSt vol xxiv. p. 660, 
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He states also that natural chilli-clay rock, heing a de- 
composed granite, consists of kaolin, irregular crystals of (juartz, 
and flakes of mica, with somctiiiies a littfc schorl^ and iin- 
decomposed felsjuir.* lu the dftcussioii which followed the 
reading of his jiapcr, he fufther stated thatithc “bulk of 
china clay came from granite which had been dc^composed in 
aitUy in his ojiinion, because they could often see its grajuab 
passage from c^iina-clay rock (clarclazite), and large por^iyritic, 
crystals of felspar could often be seen (diangod into kaolin 
without losing their*f(»rm.” • 

111 opposition, however, to the theory of di'composition of 
theTclsi^r, wbeiln'r from above or below, Mr. »Jobn Hawkins, 
F.R. 8 ., maijitained the opinion that the soft growan, from 
which the china clay is obtained, is in its original condition ; 
the lajiidifying powm- having been arrested, or not as yefr 
having extended so far upwards ; and in corroboration of this 
opinion he states^ that at the Jlcam mine, in the jiarish of 
Roche, Cornwall, the works are “actually sunk alternately 
through hard and sott growan,” wli^h fact will scarcely 
sustain the inference ho draws from it, as it may ecjually well 
be adduced as proof of incoui[)lete decomposition ; but he 
furthei®rcf(ws to various sections of that mine, and states 
that,“fr^jm these it appears that the hard growan occurs 
nowhere in the ujiper levels of the mine, and that it occupies 
a small portion only of the lowenj that it ulteiyMes with the 
soft growan; that it is not always found a| (corresponding 
levels, •iind that it terminates abruptly in a rfic which con’c- 
sponds with the underlie of these veins.” 

Mr^ Hawkins, in* support of his iheoi^ refers to several 
clay pits on Heiisbarr»)w, and on the ^lls of St. ]\rewan, 

^ “801110 Auuoiuitof tluuSoft(hwau ai^io Beam Mint*, in tlio Parisli 
of llociie, and at Carclaze Mi^p in tHe farisli of St. Austell,” by John 
Hawkins, Esq., E.RiS., Trmn, Rw. Geo. Soc, of Cornwallf %'ol. iv. 
p. 476 . 
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but states that “ the inj)si fjtrikiu" evklpnee of the aboriginal 
existcneo^of tlic soft growaii is perhaps tliat which is dis])laye(l 
at the celebrated (*xcavation at Cardaze, in the parish of St. 
AusUill, when; its removal is 'efieeted by i stream of water — 
the growaii beiiig in such a condition there that it may be 
called a clay-pit. The growan exhibits no marks of sedi- 
lUebtary or of stratihed divisions,” and in the “arrangement 
or distribution of its c-oustituent parts, it dilfers in no respect 
from the hard growan. In short, th(‘re arc no traces of any 
change? or disturbance, and every j)art of ihe mass seems to be 
in the same slate of induration ; the lodes, loo, M'hich traverse 
it hear, like the same lodes in tlje Ileam mine, no uiark's of 
either dislocation or displacement, and, mor(‘OV(‘’, so compact 
is the mass of tliis soft ro(;k, that I conceiv(‘ it hanlly possible 
ior any rain to penetrate through it, wdlliout which it is 
diflicult to suppoi’t the liypolhesis of <lecompo.sition.” lie 
further quotes fr(»m Ca[»tain Samuel llobins, wlio states; 
“There is no I’oason whatever to believe that any water 
whatever can liltor through the soft growan. We have sunk 
from 10 to 15 fathoms through it without m(‘eting with any 
water, whi(;h only occurs when we meet with a lode or a cross 
course, and wcr<i it not for these we should tind none. The 
mass of soft growan cannot be called dry, n(‘ithcr is it moist; 
but it is everywhere much in the .same state as it is near tlic 
surface — a lituic damp.” However these facts may appear to 
bejir against tlite general opinion of sub-aerial dccompoflition, 
they do not affeqj ^Ir. Collins’ tlicory of decomposition, Iby the 
* agency of fluorinoy^and other substances coming from below. 

Dr. Boase (in tlf^ same pajmr as that lobove quoted, Pi^380) 
'ays: “That tlie gra^ikial diminution in the cohesion of the 
particles from the soli(r.^k upwards will, of course, support 
the opinion of either party ; that the solid state of the 
one, a#d the disintegrated state^ of the oilier, is ftot t^ie only 
diiTercnce ; Elicit is a chemical, us well ai a distiiic- 
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tion ; for the solid foliar contains an a.jkali which analysis has 
not detected in porctilaiii clay, and it tlioreforo follows, since an 
alkali is not present in the perfeat china chiy as a c()nstitucnt 
jiart chemically combined, that tlrts substance, on accoi,nt of its 
great solubility in water, calfnot exist in a f*ec state in the 
mass of china clay (s(tft growan), which, in its native bed, is 
always wet, for by the constant penjolation of water it wj^uh^ 
be as eHectiTall^ removed (naturally) as in tlie process ii^elf, by 
which the porcelain clay is prej>ared. It may also he observed, 
that the stained parts, whi(^^i the workmen rf'ject under the 
name of Svoed,’ are of .a yellowish or red colour, indicating that 
the^fan«oiitaiiicil in the schorl lias passed into a higher state 
of oxidation^; and jis those beds of soft growan are generally 
bounded by solid granite, and are often traversed ly largo 
masses and veins of (jiiartz containing schorl, T)r. Jloase quotes 
these circumstances as another argunumt against ^Ir. Hawkins* 
opinion, for he says : “It is dillicult t<j conceive why the jiower 
(lapidifying), whatevei* it might have Jieen, should have acted 
so imrtially in its ojiefations, as to liave consolidated one part 
of the mass, and to have left the other Tn a loose, friable state. 
Again, the partially ehaiigod granite, called^diina stone, will in 
time entirely lose its cohesion” — an ovTdcnce of sub-aerial 
deccijnpo^tion in the writer’s opinion — “iis may he seen in the 
numerous masses around the quarries, which, although retain- 
ing their form, immediately crumble into pieces yPm attmnpting 
to iwovc them. And, lastly, the analogy /f other rocks 
afford^ lierhaps, the best proof that china clay/is a decomposed 
granite.” 

It*will be noticed from the alxivi*, thak^Ir. Hawkins and 
Dr. Soose — both of whom are intimatel^cquainted with, and 
have written, upon, the geology ofC^nwall — are at direct 
issue, not merely on a theoretical quicstion, hut on a matter of 
fact. Mr. Hawkins, backed by the experience of Cjaptain 
Robins, stating that (jfie soft wan is only in addamp%tato 
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normally, ami that waiyor pnm>t i>ercojate through it. Dr. 
JJoasc, on the other liaml, stating that in its native IhhI it is 
always wet, ami that the ahsfriice of the alkali of the felspar in 
the chiria elay is duo to its great solubility, ami to its being 
cfFectually rcme-ved by the constant j>erc()latioii of water 
through the growaii. 

Tfhere are not a few, as yet, unsolved i)roblems connected 
with this subject, and one object the. wj-iter has ih view is to 
diree.t further attenti<ui to it, with the view of stimulating 
inquiry and discussion. Mr. Caine states^ that “the china- 
stone of St. Steplien’s might perhaps he ineidioned as another 
variety of granite; but,” in his opinuni, “it owes im/st its 
diflercncc from ordinary granite, to decomposition.” The 
opinion of Mr. Carn<', which prevails very generally, is, Dr, 
Poase remarks (p. 381), “very surjaising, for this property 
of undergoing such extensive decay is alone sufficient to 
indicate that it (tln^ St, Stephen’s granite) is a rock mi gewru ) 
besides, it is i»eculiar composition, containing talc instead of 
mica. ; which circumstance,” he. says, “ may allord a clue to the 
explanation. Not that the tide itself can be su})posed to exert 
any direct action On the felspar; but, in consequence of its 
having been forimul,' instead of mica, in the original crystallisa- 
tion of this rock, the felspar may have experienced ;|ionie 
modification in the proportion of its constituent parts, whereby 
it acquired thv^ pro[)erty now finder consideration.” 

This ])rescncy' of talc — which is a mineral, containing as 
much as 32*92 uif iuague.sia — in numerous greenish -^yellow 
glossy scales in to St. Stephen’s granite, however it may have 
affected the cons^tion of the felsjwir, but seldom occurs in 
the china clay, for iinwearly all the analyses of it there are but 
traces, or very small ^’^^ntities of it, to l)e ^fou^d; The 
magneava, like lime, bcingtan alkaline earth, is carried oil' ii 

o j 

^ “Ofi the Granite of the We-stern Part of Cornwall,” Transaclm 
of Mjal OeoyajifiCcal Society of vol.jii. p, 214. 
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solution like the alkalies. It avouI^ be advantage for the 
refractory (jiiality of itlu; Cornish fday did it contain more, as is 
getierally the case with the Chinese kaoliiiJi,* 

The essential and striking dyference in compositiofi between 
china clay and the^felspatWe growan (Mr. C^dlins’ clarclazite) 
from which it is i{^*uduced, and which was shown in the 
last chapter, has led to the o}>inion being held by ^ome. 
mineralogists and chemists, atid specially by Professtit’ Fuchs, 
of Lan<lshiit* that ordinary fels[»ar is not the source of china 
clay. Professor Fuchs, iii^a memoir i»ii the origin of the 
jK)rceIain earth of I’uSsau, printed in tlie Transariumti of Dip 
R ofial Apachntij of Munich y and quoted by Mr. John Hawkins,^ 
states that he visited tlie pits wliere tlie ])cst earth was dug, 
aud direeteef his attention particularly to the felspar, said by 
Gehleii to form by it.s d('eomposition the jKjrcelain earth, anii 
found that the mineral so named wa.« es.scntially diil’erent in 
its form of crystallisation and characters from ordinary felspar. 
He described the rock in wliich the crystals of this mineral 
substance lie, as “a Miie-grained or aggiegated felspar, of a 
greyish colour. Few of the crystals uau’e entire, but neai’ly all 
of them, more or less dccon^io-scd, and the friable mineral had 
all the properties of pore(*lain earth.” His analysis of thtuii 
gave 
• % 

Silica 

Ahiniii.a .... . . 

Lime . . ( 

S()jla I 

Water y . 

/ 

Or-98 

^ “Some Account of the Porcelain found in tlic Kingdom of 

Saxony and the Principality of Passau, ^dloited from Cterman publica- 
tions, and sent to the Iloyal flleograpTiical Society of Cvruyral], '^^Trans- 
actions, vol. vi. Pp32. 

5 


27-90 

14-42 

.'')-46 

0 - 
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Professor Fuchs, from tlfis result, and the form ot its 'crystal- 
lisation, as well as its other characters, coiisidered this mineral 
as a new, species, dj^stiiict from any known species of felspAr, 
and nanieti it porcelain-spar. l|is analysis of the earth forme<l, 
as he believed, from the decomposition of this mineral, in its 
pure and natural stale, he jrives as : — 


46-70 

Aliimnm . . . . . . . . j . , ‘11*80 

Lime 0*46 

Oxidf of iron . . . . . . . 0-82 

I'Vtspar' II -00 

Water 17-14 

VI 

90*92 


and ho seemed to regard the porcelain eartli of Aue, in Saxony 
(which, by the bye, ap])ears now to be exhausted), as having 
been i)reciaely similar. 

Mr, Hawkins says, that the principal arguments upon whicli 
Professor I^'uchs vests Ins oj)|K).sition t«? the opinion, held by 
most mineralogists, of porcelain clay being jiroduced by the 
decomposition of felspar, are— “The total absence of all traces 
of potasli in the miters wliicli flow from the decomposed 
masses of granite, and the occurrence of tlic purest ]>orcelain 
earth enclosed in felspar, and, vice versa, of felsj)ar in^)orcdiain 
earth.” Probwsor Fuebs was by no means disposed to adopt 
the opinion, lie\l and advocated by Mr. Hawkins, of this earth 
(china clay) beiW an original jirodiict of Nature, but, on the 
contrary, held it V) originate in the decomposition of porcelain- 
sjiar, the mincralVie claims to have dis|f)vered. As to» the 
process of decom])osi^n, he thought it might bo satisfao^Anly 
explained, “ for in suS^i complicated mixture ns this iia, the 
presence of soda and thet-calcarcous earth (limi?) must have 
disposed the porcelain - spar To yield to the active agency of 
Undecomjwsed and auuidentallv niivc^. 
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water «and the carftbnie acid, by^^’^hich ^all the soda and the 
lime have been carr^d off in a slate of solution, toj^ether with 
a ’portion of the silica.” 

Mr. Hawkins naturally poinj-s nut that Ihnfessom Fuchs, by 
this statement, places hiinseif in a <lilemina, tlnu-e iK-inj.f no tmces 
to be found of the soda and lime in the water llowin<» from the 
decomposed [)orcelain-spar any more than of the potaslj,froin 
decomposed felsjwr, and AIr.« Hawkins proceeds to (iontrt)vert 
Professor Fitehs’ e.onelusions. Sidlichmt s])acc, however, is not 
available in these* ])af'es to^do more than indicate the various 
theories or opinions iTeld on the subject, and the writer must 
refer those intcriisted in it to Mr. Hawkins' paper itself. 

JnTnat i>aper he ])roceeds to refer to a rejn^rt drawn up by 
Mr. Gehlen* lirst published in the Traumctiam of the Koyal 
Academy of Munich, and afterwar<ls rei)rinte<l in the second 
volume of A"on AfoU's Amuih of Miniwj and Metallurgy, 
ujum the porcelain <'arth found in the princi)»alitv of Passau, 
which supplies the royal manufactories of Vienna and Munich. 
In that report Mr. Gciilen says: “Jt remains for me to speak 
of the natural history of this porcelain earth. 1 liave already 
(pioted the, o|»inion, wliuji is universally iulo})ted, of its 
originating in the de(5omposition of tlie felspar, and noticed its 
occurrence in a country of primitive formation, as well as the 
oirffumstunce of its Ixdng found in its original position. This 
opinion of the origin of tint earth is corrolxiratcd, in fact, by 
all the circumstances under which it occurs, noth at Passau, 
and Aue, in Saxony, where the beds of pur« elain earth lie in 
a rock of granite, which, by the decomposition of the fefeimr, , 
is in a state of perfect disintegration. The various degrees, 
toi^of <lecom position through which jhe felspar passes, in 
which, with the. loss of all its other cl; ^ructers, it retains those 
of its original structure, seem to i5^iirni this hypothesis. On 
the other hand, if we cantempTate the very great difference 
which is foun(^ between the chemical composition qf the felspar 
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aud that of iho earth cbiy), we must feel inclined to the 
heliof that they e-an have no ‘ common or%in, and that each is 
aboriginal,, Accoraing to thq^ 1 ‘ecent analyses of the best 
choiiiists, the f(‘lspar (jontains acVery great proportion of silica, 
as well as a ^ionsiderabli; quantity of jwtasb, while the 
porcelain earth is found to contain not a t’’ace of potash, and a 
much smaller pro])ortion of silica.” Ihi might have added, 
“and a much larger proportion of alumina.” “How then,” he 
proceeds to ask, “can so considerable a diflerence as this is in 
the composition of these two substances hav(i arisen from a 
process of decomposition? If we sup])osc this ])rocess to have 
set free the ])olash, which was afterwards carrie<l off by water, 
yet it is but reasonable to suppose* that the proj»ortions of the 
other constituent ])arts would hav<‘ remainwl unaltcretl. This 
difficulty cannot ])e removed by the su]>positi<ui that the potash 
may have carried off a portion of the silica in a state of solution, 
and thus Inive increased the relative proportion of the alumina ; 
for there are many chemical facts which oppose this conjecture, 
and it must be abandojied as untenable.” 

Mr. Gehlen conclude.^ without advancing any fixed opinion 
uiKUi this very interesting question^* “nor,” adds Mr. Hawkins, 
“can I find among the voluminous writings of the (^prman 
geologists any serious attempt made to settle it. The 
hypothesis of the secondary origin of porcelain-earth seems,” 
lie says, “to h^ve been gener^illy adopted on the Continent.” 
Mr. Hawkins, however, apparently holds to his own ojanion of 
the soft growan, from which it is obtained in Cornwall, rbeing 
not ft product (d (Jecorn position, but an original formation, not 
perfectly lapiilified 

The writer cannot Vesume to attempt to solve the prttbkm, 
but /lie may remark, tw^a contribution towards it, that the 
question of time does not a^.em to have been suflffciently taken 
into Ajpeount by those who have •speculated upon it. Mr. 
Collihs, in iiis monograph previously quoted, f^ays (p, 6) that 



“ Cliiijft clay, in its%iiatural 8laJe,i'i5» simply a granite composed 
of white or i)ale smoky quartz, ^hile ml^ia, sometimes a little 
greenish > yellow gilbertite, and white fekpar, in which the 
latter is partly or completely metamorphosed into kjfolin,” and 
he states that “tliis modilicatnm of granite occurs in areas of 
irregular form, and extending to an unknowfl depth.” It has 
thus been apparenfly completely decomjmscd in sitUj and to 
some considerable depth, ayd thereby reduced to such It 
condition tliJit — if Mr. Hawkins’ sbitements quoted above can 
be relied on — it has become, like the ordinary and more ]>lastic 
(days, impervious to 4hc pere,olation of water, and in conse- 
quence the process of decompo.sitioii being so far completed, at 
ainJWnts so far as surface d(‘poaits arti concerned, little or no 
evidence cfii be found of jiotasli being now carried off in 
.solution, as in ages past when the process of decomposition ^v^]8 
in active njieration. "When it was so, the action would be 
continuous, and the alkalies and alkaline earths, and imrtions 
of the silica being continuously (jarriinl oil’ in solutioiJ, would 
leave an ever-increasiqg [ierccntag<‘- of^ilumina to combine witli 
the remaining silica — these two su^.st-ances possessing great 
afliiiity for each other— to form with water the hydrous silie,ato 
of alumina or china clay, Siat being a ^’ery dill’crent process, 
lioweifl;r, from that of converting a single piece, or any given 
poition ^jf felspar, into china clay — bulk for bulk. 



CHAPIEU X 


ANALYSES OF CHINA CLAY -METHODS Or' OliTAfNlNO AND 
rf{ErAJHN(J CORNiSJI ririNA clay 

I N the preceJiiif' remarks on Cornisli eliina, or porcelain, 
clay ; its orij^in, nature, characterifiics, and composition 
have been noticed, and various ojnnions and theories referred 
to, and more or less brielly discussed, as to the spetics of 
granite^ from the disintegration of which it is derived, and 
as to tile felspathic ingredient thereof— whether orthoclasc 

' The writer regrets having iiisidvcrtently overlouked a fbotiu»te in Mr. 
Collins’ inonogi’aph of the llcunbamm (Hranilc J)!s(ricf, i]) which, 
referring to the statements l)y many writers of ]»rotogenc granite being 
alnindant in tl»c (lcconiposc(hgranite districts of (brnwall, he states that, 
whatever may lie the case elsowhcrc, “there is certainly notliing of the 
kind at piuscut hno^\n in Cornwall.” This is certainkv remarkable after 
the positive .statements of Dr. Hoa.se, . piotcjd in the hi.st chapter (p. 
59), viz., tliat “ jirotogeiM! granite is, of all others, the most extensively 
disintegrated, in which .state it is provineially called china clay, a^d that 
it abounds in St. Stc[ilicn’s and the adjoining pari.she.s, and in Tregonring 
Hill, near Hreage” — another .striking in.stanee of disagreement as to 
observable facts fty two competent observers, both intimately .aeipiainted 
with the geology of Cornwall, and both (»f whujn have written upon it. 
Cookworthy called the “eauliu” a white ialnj earth, found in Covjiwall, 
I’rofej^sor Sedgwick called the granite of Tregouning Hill ehiofly a talcose 
granite (ju'otogene), the tale sometimes white, hut often of a ])alc yellow 
jiassing into light greeli, Mr. llenw’ootl, too, says that in the north, 
central, and cast parts of^oiiiwall tiic granite is sometimes very taRfU&e, 
ana that at Bedlam Green there is a formation of protogene. Dr. Pago 
also says, in his Handbook of Qj^Dlotpj, that protogene abbunds in Corn- 
wall, and that the china clay of«Cornw!ill is chiefly derived from its 
decoii^j5sitiou. 
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(potjusji) 0 ^ Jlbite^(soda) felspaj, or an altogether distinct 
species, named by Professor hlmhi “ pcircelain-spJlr ” — which, 
both from its composition, already given, fyul an analysis of it 
from Obernzell, in liavaria, giviMi in Bristow’s Mincmlogy^ viz., 
silica 49’20, alnmipa 27*30, liliic 15-40, soda 6 *50, ‘chloride of 
potfussiiim 1-20, wat(?r 1*20*=: 100-80, appears *t() be a soihi-Iime 
felspar — by tlie docftrnposition of which, and a new coiiibiira- 
tioii of its constituent ingredients, generally ex(;lusive ftf thi 
alkaline, thi« hydrated silicate of alumina has been*] )rod need. 
Dillering statements as to the condition of the soft growan of 
Cornwiill and Devon^and ^•al•it>us opinions or theories as to the 
agencies hy which tliat lias been produced, and unsolved 
piTjWems in connection therewith, have been mentioned, with 
the view oj^inviting further Investigation on the jiart of readers 
who may have opportunities for observing the pjienon^ena 
presented by the A'arying stages of^ the disintegration aiTd 
decomposition of granite and the formation of growan. 

iJeforc proceeding to descrilx* the processes by which the 
soft growan is w’orked, and the clay«washc<l and prepared for 
market, it may he (Sf some practical service to rpiote some 
analyses (»f porcelain clays from various loc^dities, Ijoth English 
and foreign—roserving tlufse of China and Japan till the next 
(diaplwr, as thcK‘ vary consi<lerabIy in composition, and may be 
iij;eresting to any who have not hitherto studieil the variable 
composition of these, clays. 

In a former ehajitiT the composition of fine Cornish china 
clay was given as silica 40*40, alumina 39*70, water 13*90 ; 
and* an analysis of the finest quality, by Professor Ansted, 
was quoted, giving tins projiortions of silica and altimina* 
respectively as 46^2 and 39*74 ; and also another given by 
iBm, with these ingredients, in the pn^portion of silica 44*60, 
and alumina 44*30 ; but with the remark, that the proportion 
of the latter in porcelain clay| irtrely reaches or exceeds 40 
per cent. In an excellent treatise, however, by a writer whose 
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name is not given, ^ bnt wIh' appears to be Avell acquainted 
witli the subjects oi. jie writes, it is stated (p. 32^ 

that Wedgewood found })y analysis that tine Cornish clay, m 
the state of an ('xtieiiiely while and fine powdc'r, contained 
20 parts ol silii'u and CO of alumina. It i< very questionable 
if this could havi.becn a correct analysis of any of the ordinary 
Cornish jiorcelain clays. It was more jirohably an analysis of 
Cv felspar, as (h^lilen gives one of felsjiar from Kellberg, near 
Passau, showing its composition to be silica C3-0, ahinuna 20*0, 
besides potash, lime, and some iron, but the ditlerences in the 
composition of the clays are certainly Avorthy of notice, by 
potters especially. 

Tn the (Jaialotjitc of Sporimfois in i/tc Mnnenni of Prc.iiLal 
Geolofiy, Loudon (p. 17), the following analyses eJay from 
lllu^.barrew and St. Stephen’s, Cornwall, made by Dr. Lyon 


Playfair, in J 852, are given, viz. : — 



lUuebarrow. 

St. St('J»llCll’8. 

Silica ....... 

•If) •.'>2 

46 *38 

Alumina, with peroxide }d’ iron 

40*7() 

88-60 

Lime 

- 2-17 

3*47 

Potash, with trace of bodi 

1-hO 

D77 

Magnesia, pho8]ihoi'ic and sulphuric acids. 

truce.s 

tr.iccs 

Water, with small ypjantily of organic 
matter 

9-Gl 

9-^8 


— 

— 


99*96 

90 '30 

Dr. Thos. Thomson, latt; professor 

of Chemistry in the 

University of Glasgow, gives an analysis, made by himself, of 

china clay from St. Austell, as follows 



Silica 


. 37-10 

Muniiua 


. 24-48 ' 

' Cany foiward 


. 61-68 


^ Treatise on the Origin , rroggmire Jmproreniepf, ami ‘Present Slate 
of the Manufanturc of Porcelain and Glassi^f Longiuan & Co., London, 
1882. 
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IJrouglit forjivard . . . (51 *^8 

Lime ' i. > . . 1)'28 

Perrie oxide G‘98 

■ Water ’ . . 19*22 

Sp. gr. 2'48L 97-06 


From the small ])erc(’ivtiige of alumina ami the large amount of 
lime, ami oxide of iron, this must have heeii a very iiiL^rior 
specimen of Wt. Austell clay. » 

Uose (KarsUm’s Tahlvlh>n, p. 37) gives the following analysis, 
without mentioning the locajily, in which the alumina is cer- 
tainly much in excess of the general run of (!ornish clay, viz. 
— .silicj^ 02-00 j alumina, 47-00; oxide of iron, 0-33 = 99-33. 

In (Ireen’s (kttUxjy far Student^, tin*, following analysis is 
given as that of the best china clay, viz. 


Silica .... 16-32 

Alumiiuv 39*74 

Magnesia O'4-l 

Lime 0*36 

Fen ic oxide . . .0*27 

AVator 12*67 


99-80 

This is one of a pure and very infusible clay, but unfortunately, 
its locality is not given. 

In llristow’s MineraUniii^ the following analysis of tlie clay 
from Plympton, l)evonshire, b} Jlrogniart aiuF Malaguti, is 
given, viz. : — 


Silica 44 26j 

AJumiiia 36 '81 

Lime, magnesia, and jiolash 1'56 

Tron and manganese . ti-accs 

Non-argillaeeous residue 4*30 

Water . * V . . . . 12-74 
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Pi^r’ ,^''1'"'*’ “* (p. 2»), qfiofcs f^om the 

I M. Mag., v.il, x.5 thcifiyjowing analyses of clays, by Dr 

I^ase, from the St. SU'^hon’s ami r,rcaf;/,„i„e.s, viz. 

( 


Silica 

Alumina . . 

Ma^^nesia .... 
‘‘Alkalies, insDliiMe ami .soluble 
Watbr . 


And he gives the following analyae.s, made by himself, of clays 
propaied for the market, to .show the variation whiell'‘'fe,vi 8 ts 
m the clays fnmi diilerent parts of the Henshift-row district. 

« 

From St, Stephen’s 


St. Stei»hen’.s. 

Rrcagf 


40-15 

. »8-ori 

3(1-20 

^ I--I 0 

1 ‘7i) 

. 8-70 

0-50 

. 12-0(1 

11-65 

100-25 

00-25 


Silica 

A 

15-00 

1 : 

45-10 

46-86 

Alumina . , • . 

Lime 

JO-15 

,10 -n 

80-50 

Peroxide of iron . 

0-35 

0-60 

0-27 

Alkalie.s, insoluble and soluble 

C-HO 

0-2U 

0-41 

Water . . t . , 

13-70 

13-00 

l-i-87 


100-00 100-00 100-00 .JOO-00 
And iioin St, Au.stell, f. and f, and from Roche, n. 


*Alumiiia 

Lime and Magnesia . 

Peroxide of iron 

Alkalies, insoluble and soluble. 

Water . 


46-20 

46-00 

45*40 

41-10 

40-10 

40-30 

— H, 

traces 

traces 

0-20 

0-40 

o-2e 

trace 

0-40 

0-60 

12-50 

13-30 

13-60 


100-00 100-00 100-00 
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And for c^njiarbcp he gives the following analyses from 
mious localities elsewhere, chiefljifn Bevdhshire 


Jv M 

Q-S 
- “ 
5® 


Silica 


I 50-51 


Alumina , . 38*18 

j^iff^iicsia . 

Peroxide iruii . - - 

Alkalies, insolulile 
and solulile 

Wulcr . . 11 *(12 


1)9 •?! 


in 



.o’ s’ 

. 

^ so 

O 

'^1 

<o > 
t- o 

O bO 


-M *0 

CQO 





47-20 

10-00 

46-90 

•19-10 


free 



a 

31-00 

conduned 



38-80 

36-80 

38 -Sn 

40-20 

0-24 

-- 

traee 


- - 

- 

0-07 

0-40 

1 *70 

4-30 

l-r)f3 

* 

trace 

12-00 

12-70 

12-5r> 

10-30 

100-00 

97-80 

99-43 

100-00 


he following analyses from several of th.' best Euroi«!an 
'cohties will enable coinj, arisen to be 'made with those from 
ornwjill and Devon, vi/ : .. " 


Silica 

Alumina . 

Alkalies . 

Mggnesia . 

St. Vrieix. 

. 46-80 

. ^37-30 
2-90 

trafc 

St. Yrieix. 
48-00 
37-00 

2-05 

Scilitz. 

98-60 

34-60 

2-10 

1-80 

Lime • . 



(Jxido of iron . 



* 

^V^ater . . •*. 

. 13-00 

12-99 



99-60 

100-00 

97-40 
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Silica ■ . 

^ .. kill. J 

. . .'i.5'80 

03 -.'iO 

50*00 

Alumina . 

. . 20*00 

' 28-00 

25-00 

Alkalies . 

. 8*20 

1*00 

2-00’ 

^lagncsia . 

. O-.'iO 

8*00 

0-70 

Lime 

. 

o 

5-50 

Oxide of ii'dir* . 

. 1*80 

_ 

8-50 

'Water 

. 7*20 


0-50 


09 50 

100-50 

101 -20 


Tlic variation of silica in tlie above aiialyscs of ConiisJi and 
Devon ranges from 37*10 to 52*00, and of alumina from 
36*20 to 47*00, while that of the foreign clays, as given, ranges 
from 40*80 to 63*50 of silica, and from 25*00 to 37*30 of 
alumina, showing tin* latter to have a much higher mean per- 
centage of silica, and a considerably less proportion of alumina 
in their composition. There are besides very varying percent- 
ages of alkaline ingn'dients, and of ferric oxides and other 
impurities, which, in the event of analyses of their clays not 
being got from and guaranteed by tln^ clay mei'chants, shows 
the necessity of their being analysed before being used by 
potters who aim at certainty and regularity in the composition 
of their “ bodies.” 

As has already been pointed out, the true ])orcclain clays 
of Cornwall and De.von dilfer from the ]»i[)e anyl potting 
clays of the Teignnioutli and Poole IhmIs- these latter being 
“natural deposits,” only reijiiiring drying to fit them for 
market, and l)(‘ing all inferior in quality, so far at least as 
suitableness for the manufacture of hard ])orcelain is concerned,* 
to the former. Although the term “deposits” is some, times 
loosely applied to the. porcelain clays, they arc with rare excep- 
tiy^is^ not deposits at all in the usual acceptation of that term, 

^ Mr. Collins states that thei^ occur only in one or t)#o places in the 
Hcn.sharru\\ district, such as iliai^ut Iliglier Car][)ella, in St> Stephen’s, 
and ^Ir ravloggas, near Foxhole Bridge— the former^ in his opinion, 
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tlie soft •growan froinVvhicli tlioylj-o o})taine(1 by water action 
being almost invariably the resiilt''of decomposition in dfu of 
sonfe species — whatever tliat ma^ ])e--of the felspar r)f disin- 
tegrated granite, be. that prob)gepe, p(?gmatite, or sonn distinct 
species as yet unnaiited, but, whieli cannot correctly even be 
called “Ciu’iiish gi*anitj|,” as there an* hard and durable granites . 
in Cornwall as dsciwln're, which are certainly quite distyict ^ 
from that whhih furnishes the ^growan.” 

The disintegrated granite from which, by the decomposition 
of its felspar, china clay is obtained, is found in many localities 
in Cornwall, and also i?i Devon. It oc-enrs, according to Mr. 
Collins, in areas of irregular form, g(*nerally much elongated 
and extending to an nnknown depth, and is found in immense 
quantities in flje western j portion of the llensharrow range. It 
is universally associated with quartz, ore, and sehoflaceous » 
veins, which somctiim's also contain oxide of tin. Many beds 
of it c.xtcnd for a distance of a quarter of a mile, lialf a mile, 
or even more, in the direetion of the veins, while their breadth 
may be only a few imiies, and seldom ex(!ceds one or two 
fathoms ; very wide mass(‘s of it are Avrouglit in many places, 
but these are invariably as.soc4ited with groups of many parallel 
veins. Many of the elay mines, or ope» workings, such as 
tliat of the extensive quarry at Carelaze, were originally eom- 
nienJ^ed fofkthe .sake of the tin in their numerous scliorlaceous 
veins. Tlie ehiiia-clay rock, “ carclazite,” occurs* moSTihun- 
dantly in that iminense open working, and in the neighbourhood 
of St. tAustell, and is most largely worked, as stated in ^Ir. 
(JuiePs paper, previously r( 3 ferred to, in the j^arishes of dSt. 
iVustdl, St. Mewan,«St. Stephen’s, St. Dennis, St. Eiioder, 
Boibe, and St. Iflazey ; and on a smaller scale in the eastern 

“resulting from^tho degradation aiul re-dej> 08 itiou of tlie natural clay 
rock of the higher grounds, and henig^nly one or two fathoms in 
depth ” ; and the latter, “ sinipfy tlie mass of decompoRcil granite, ^’hicli 
has bent over by own weight, so ajto occupy a prc-cxistii|g vullef.” 
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part of the county at 151isla(^ I and St. B'eward, near Bodmin ; 
and in the western part, i ear Helston : and in Devonshire, 
(shiefly at Lee Mooi', a i)art of Dartmoor, near I’lynioiiUi. Mr. 
Collins states that its occurrence is usually induiated to tin? 
practis(?d eye by a peculiar depression of the surface, wliich is 
not observable wlien? the cliina-stone rock alone occurs. It is 
found at all elevations, ex(;cpt the very liiji^hest, wdiich, he 
states, are always cfmiposed of hard rock ; its liardness being 
doubtless the cause? to whicli the (?.sca])e of tliese towering 
points from degradation is <iue. The carclazite resulting from 
the disintegration of the granib', confciins, of course, more or 
less of its constituent ingredients, exccjit those? solul)le ones 
(alkalies, silicates, eb;.) which have been carried off by water 
action during the decomposition of its felspar, diid ec)nsisb4 of 
varying ])roportions of that mineral undecom[)osed, gi-ains or 
irregular crystals of (piartz, flakes of mic.a, sometinn?s a little 
schorl, and, finally, tlie comjdetely decomposed felsjiar, W’hich 
is ultimately more or loss perfectly freed from all the other 
ingredients by the processes wliich will now, as briefly as 
possible, be described from the accounts given by Dr. lloase, 
Mr. Collins, and others, but which arc more descriptive of the 
operations (?arried on prior to the great extension of the trade 
in recent times, and are now confined to the smaller clay works. 
Dr. Fittoii described them (Annals of Phil.y vol. n. p. *^48) 
"aiter'U nisit to Cornwall in 1807 ; and Mr. James Quick states, 
that with the exceptitui of iJ few modern improvimients, they 
arc very similar to the methods pursued for many hundreds of 
ye^rs past in China. But as the principle is the saihe--how- 
ever much the modus operaiuU now (lifters in large works — 
and sufficiently exjdains how the (day is separated from, the 
ot) i?r ingredients asso(?iated with it in the carclazite, it is given 
in preference to a detailedi,a(;count of the muck enlarged and 
more comjdex arrangemcntsi and Ajiparatiis employed in the 
largo’ works, now so numerous in the clay districts, in which 
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the prodftetion of clay js carried o>ion a vastly larger scale and 
by quicker and more ^^fficient prii.)esscs than those described 
underneath ; for any a(h‘(|uatc description of tliese space cannot 
be afforded here, but any of tlie rcadeis interestec^ in the 
subject will find fuM details of the whole in l^Fr. Collins^ 
Monograph. 

The first operation is tliat of removing the vegetable soil j^nd 
substratum, called by tlie workmen the overhimien^ whiph con- 
sists of rock d»l)ris, sand, and impure discoloured clay. This, 
according to ])r. lloase, varies in depth from 3 to 5 feet, 
but, according to Mr. Ctolliiis, from 3 to 40 feet. The over- 
burden removed, the clay ^ is worked in “slopes,” being dug 
out progressively, by the aid of jacks, in steps, resembling 
a flight of ir^gular stairs. The depth of the china-clay pits, 
as they are called, is various; but while fifty years ^ago it < 
seldom exceeded twenty feet, shafts are now sunk to raise the 
clay from depths of 70 feet or more. The clay, when first 
raised, has the appearance and (jonsistence of mortar, (Containing 
numerous grains of quarts;, disseminated fliroughout in the same 
manner as in granite. In simie parts il^is stained of a rusty 
colour, from the presence of ferruginous veins and embedded 
portions of schorl and quartz. These are^iidled by the work- 
men, weed^ capUy and ^7<e/Z. These discoloured j.)ortions are 
careftilly se^aratiid and thrown away, while the, rest is (jonveyed 
to the floor of the >vasbing-place or “strake,” whereat PflTinTvvii 
down on an inclined platform, (fn this a stream of is 

' made W fall from a height of about 6 feet or more, wliile the 
' tfWW8B"Wnstantly turn over the material with jiigglos qnd 
slioveK By this pr^iess a largo quantity of “ sand ” is at 
ong^ separated and deposited in an oblong trench beneath, 
from which it is shovelled away continually. As from three 
to oight tons oi sand are produced gi^gctting ea(di ton of clay, 

^The term “clay” is applied in tlfe clay districts indiscriminately 
alike to the carcla^te and to the clay j^raslied out of it. 
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its removal in the (ilieapest * ; tssiblc mam er is a matte!' of great 
importance. The trencli is )iso iiudinwl and ends in a covered 
(dianiKd that lea^ls to a series of catcli-pits and ponds into 
whi(di the rest of the clayey material is carried by the running 
stream. The j)its arc 5 or (> feet square, or 8 feet l)y 
4 feet, and 4 feet do(‘p, their sides and bottom (as are 
th^so of the ponds also) being lined with cut moorstones, laid 
in watc;r[)roof cement. In the first jiit the grosser particles of 
mica and other iindeeomj»osed materiids, not retained in the 
trench, are deposited, and lieing of a mixed nature are rejetited, 
at the end of each day’s work, by an opening, pi’ovided for the 
purpose, at the bottom of the pit. When the water has filled 
the first pit it overflows into the s(‘(;ond, and in like manner 
into the third, and so on. In the second, ana perhaps the 
third also, the fine mica is deposited, and is often rekined and 
sold at a low ]>ricc under the name <»f mica clay. These pits 
are hence calh‘d the “niica.s.” The clay held in suspension by 
the water, overflows from these into the last pit, where it is 
partially deposited ; and thence into ponds. These are of 
the sann^ depth as t!ie pits, but about three times as long 
and wide, generally about 20 feet long by 12 feet wide. The 
suspended clay cav be jwoemred of greater or less fineness, 
according to the extent to which it is carried in suspension 
lieforc its final diiposition in the ponds, and when it is finally 
allowca Lo i jttle, the (detir supernatant water is run off by plug 
holes o/i the side of the pon'd, the. jiriK-ess being c-urried on till 
a suflicUent de])Osit of clay is accumulated. 

(Mr. Ifxmwood, .M.E., in a brief memoir, publi'^ii^tTiftaViiu 
Report of the Royal J‘olytechnic InsiiUte^ dornwall, in 1840, 
si^^tes, that when, eithe.r owing to rainy weather or other 
causes, the clay does not settle in the ponds, it is watered with 
a solution of idiim, to hasten its dejiosition, ard Mr. Stocker 
states, in a ptiper read fo Uie satUie Soedety, that any saline 
sd«fion ^jill produce tliat effect. 
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It mtiy interest on^ readers lotnole here the comiX)sition of 


the carclazito made bv m(‘(;bani(;a| analysis two fair samples 

— one, (a) from Gnsat Treviscoc in St. Stephen’s, and the other 

(b) from Cleytane, in St. 

Kirodcr, given ])y 

Collins 

{Monograph^ p. 21^), «z. : — 

• 


Water 

A 

:>‘Q 

• B 
i5-5 

Coarse saiul and mica (shed) 

. or -5 

71 '5 

riiie siuid and mica 

• . . 2*0 

2*5 

Fine inieatml some clay 

3*5 

3-0 

Fine clay . . . . « 

. 22-0 

17*5 


100-0 

100-0 


The net mean ])ro(lucl of (;lay from iljc soft growan being, frpni 
the above armlyses, somewhat less tliau a fifth, or 20 per cent. 

The fine eJay, after tlic water has beim as completely a/^ssibie* 
rnn off, remains in the ponds in the state of a fine paste, and is 
tlien transferred, generally by lian<l'barr()ws, into slialldW pans 
about 40 feet long ])y 12 to 15 feet^wide, and from 14 to 18 ” 
inebos dco]), lined a]s(^ with cut moorstones. As may be 
inferred from the much more cxteiftive scale on which oi^ora- 
tions are now caiiicd on in large works, all the pits, ponds, 
drying pans, etc., are of miudi jargm* measurements than those 
given above. 

* Some works are so laid out that the partially consolidated 
clay has to ])e pumped into the^drying-pans, and 
in reference to this jirocess, says : “I noticed, with surprise, that 
clay sufficiently consistent to stand in a heap, will run throngb 
suction pump worked by hand, though 
dra\fn it requires to ly raked from the piimp-h'cad.” 

When tlio ]ians are nearly idled the iday is levelled* is. 
Tiien left undisturbed till it is nearly dry. The time 
for this part qf the proc*ps.s depends in a givat measure 
shite of the weather, and, is a,tc71ious process in 
climate of the west of England, the pans being, 

6 
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air — during Uio siminicr, foui niontlis or Ipss may suflicc, whilpi 
at least eight ai(f' necessany (luring the winter — often from 
September to the, following ^lay. AVhen siifheiently dry -the 
clay is 'cut into rubes or 'lumps, 9 to 12 incdies on tht 
sides, Avhirh are then (yirried to the drjfliig house, an oblonj: 
shed, th(‘ sides of wliitdi arc open wooden frames so constructed 
as to keep out rain, but admitting the free passage of air, and 
of exposurb to the sun in tine *veather. Tli(‘ clay when dried 
is scraped perfectly clean, and is tlnui ready fw^being sent oil 
For shii)ment in bulk, or, wlnui requisite, in casks. The 
scrapings and waste are Avheeled back to the “strako” and 
re- washed. 

In 1807, when Dr. Pitton visited (-ornwall, he found only 
(even clay works in o])('ratiou in Uie parishes of S\j. 1 )ennis and 
*5t. Stephen’s ; the larg(3st of which only ])roduced some 300 
;ons per aiiniini. The consumption and demand for china clay 
las since then s<» enornKuisly increased, however, that in the 
[■lensbarrow distrird. alon^ there are now proliably about 100 
vorks, many of the larger ones turninji out from 2000 to 8000 
)r 9000 tons each yearly.* ^fr. Collins mentions that in 1874 
)nc of the largest works m'ar St. Austell produced 9000 tons, 
•mploying thirt.y men, while nuiny others produced 6000 tons 
sach, eraidoying twenty men. To meet the enormously in- 
creased demand — arising not merely from the extension of tiie 
’pbttbry'i+ti^k, but to a large e^jit-ent also fi’om the various uses 
to which china clay is now applied in other trades and few other 
purposes — different methods from tinwe described above 
beqjim 3 necessary ; the one inost generally ad(3pte(r‘5ein'^ Hiai; 
in which the clay is raised from pits by^he sinking of a sliaft 
y> the depth often of 10 or 12 fathoms, and the driving of 
a level from its l)ottoin to where a rise is put up through the 
clay to surface, in whicli a “ biitloii-hole ” launder is placed, and 
by which the clay, after *l)eing by an ingenious contrivance 
m^;£ witJi water, is conveyed down to the level and along it 
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to the bt^ttom of th<' jliaft, from \Miicli it is pumped to surface 
or lifted at once enoiif,di t^ allow of «ill tin* subsequent 
operations — similar, but on a much larp^er a‘ale, to those above 
described — being carried out by gravitation. 

The other method t)f worl^ing is ado|)ted in cases where the 
bed of (day is situateij on a hillside, with plenty of s]’»ace below. 
In that ease an adit lev<d is driven into the, hillside, ^r from 
the valley, to the reipiin^d dojfth, and a rise ]»ut uf) as before; 
with some m«(Tilieatioii of the launder arrangcanents the clay in 
suspension in the water makes its exit in tlie valley, and is 
there puritied, settlt'd, ^nd dried, as already described — the 
works being laid out on a lower level than the adit. 

In the large works the clay is now tinally dried--although 
by no mean? to the improvement of its (piality — by artificial 
heat, in a large building (tailed the “dry” (which ccflisists of 
two parts, the “dry” })roper and the “linhay”), which Mr. 
Collins describes. As brought into the “ dry ” the clay usually 
(lontains about 50 j)er cent, of w.^fler, Avhiidi is reduced to 
aknit 12 or 14 [mu' e.e^t. by the time it is thoroughly dried. 
To get it into the “linhay” lead/ for market i^fr. Collins 
estimates its cost at 8 s. 6 d. or 9s., whieh with dues, transit, 
agennjes, and sundries, is increased to a iotnl average cost to 
the clay mei’chant of about ICs. or I7s. 

While most of the larg(‘ china clay works are now carried on 
by sinking pits and sluifts, opiin workings are inct 

with, of which the largest and most interesting is that of 
Carclaze, It has a chaiacter of its own, and has been often 
"(Icscribcd ; hut as many may not have seen it, or a des(n'ii#ion 
of it, one by an obsermni foreigner may interest them. 

^ This gentleman, Al]»honsc^ Ksquiros, visited it some eighteen 
years ago, and described it iu an account of Cornwall,^ published 
by him. In writing of the clay wojrks, he says : “ Some of these 

> Cornwall and ifs Coasts, ffy Al|}lion.se Es{]iiiros, Ksq., ol 

English al Home, g Chapman and Uu^, London, 186r>. 
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works arc very interesting^ *aTnl einployi a largo number 0 
persons— men, wo'uon, ami c'lildren. Tbe women Lave whit 
bonnets, white sle''ves, ami white aprons, and it is curious b 
sec them carrying to the surrounding hills a clay winter still 
which they artistically expose to jLhe sufi-bcains. One of th 
most curious of {he. mines is that of Carebze, two or three mile 
from t^t. Austell, a small town with a line old ehiirch. A roai 
runs to a li^rgc common all covt red with furze and gorse. A 
the bushes were studded with gulden ilowers, 1 dul not com[»lar 
of the. sterility of the soil ; and, V-O'^idcs, the sea could be sec: 
in all its grandeur at a certain distam e. All at om-e an ahy? 
opens in the gloomy e,ommon, before whi<*h you halt in stujiefai 
tion. The origin of this jirodigious excavation, which is at hun 
a mile in eircumferenee, and nnwe than 150 feet iS'dejdh ’’ (an 
is probably much larger and deeper miw), “ and has been attr 
but^d by the ignorant to the intervention of 8atan, by th 
l(;arnod to the Homans or the Anglo-Raxons. It is not a min 
properly so called, but mu open quarry; the workmen ai 
‘streamers,’ that is to say, men who obtain tin by washing tli 
deposits from the disintegration of the rocks. The interior ( 
this abyss, whose greyish whiteness contrasts with the colour < 
the common and th* lm»wn surface of the moors that sur"oun 
it, displays masses of granitic decomposed by certain influcnci 
which are not yet thoroughly known.” After a di'scrijition i 
' tile Innfdrkings, he proceeds it “ In the same excavation, hi 
on the other side of the. ipiarry, and facing the tin workings, 
torrent., at first yellow, but wliich soon chang»*,s its^coloyir ar 
becomes of a milky white, falls over projecting rocks. Me 
armed witli picks feed this torrent, by ct.sting into it lumps < 
white earth. After running thus to the bf>ttom of the abys 
which it cro.s.sos at one bound, the stream suddenly disappea 
under an arcli. "i'ou mighti.suppose it lost, but it can be eaai 
found again; to do so, it i.^^ only 'necessary to go five or s 
hupped y^rds along the con^moii and find a fresh scene 
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operations. Here the white Itrcj^ni is received in reservoirs or 
cisterns. Tlie milky by reviainiug deposits at the 
bottom of these cisterns a sort of cTeain, above which tlie Avater 
is perfectly limpid and bine. Tfte action of the Avimland siin 
is suflicient to eva^xii’ate tin* Afaler in a f<*AV months.” (Mr. 
Ksquiros, how(‘Vor, has overlooked the milling off of the 
supernatant water.) ‘‘The white clay is then cut out with 
spades and is (tarried to open* sheds to dry ; it tl*erc hardens * 
and forms tli^ ^natter used in making china.” 

(^arclaze mine is now chiel^' wrought for china clay, but, Mr. 
Collins says, still yields notable ((uantities of tin. it was in 
full work as a, tin mine in the reign of Henry vii. Its area 
was computed by Mr. lien wood in 1843 at 5 acres. Accord- 
ing to Mr. It. Symons, of Truro, who surveyed it five or six 
years ago, it was then 13 acres. There is an ir-4(‘resting, 
account of this mine in the Infellerfual Obserirry^ written by 
Professor Church, Avho states that it was not till towards the 
close of the last century that tlni (‘^’th, or soft rock, of whiidi 
the whole place seems l^o consist, was recognised as china clay. 
He mentions that the sujxirnatant wjrter in the tanks, after the 
clay has all sidthxl, is of a beautiful greenish - blue colour, 
liefejiijjg to th(i mineral subslamtes in thg native claystone, he 
also says, that a ycllow-grcen talcosc mineral is the most impor- 
Cint of these. IL* refers to the complete absence of all the 
usual signs of mining operatioi^s a.s you approach C'A**claze, and 
says that, as you cross the iiu»or, you are, without knowing it, 
closed to the mine, which is unseen till y(*u reach the grassy 
*'c(igc of th *great pit. It is ap[>roa(died from St. Austell by a l^illy, 
deep, and Avinding hj^ie, Avhii h ])asse« dost' by the Avest end of 
^8t. Austell Church, and brings you out upon the moor ; bright, 
and usually breezy too, in summer, but very drear in Avinter. 
MTiite roads intersect the moor, ajong Avhich ihofessor Church 
says, pass continually toA^irds ^he sea, three miles distant, 

• ' LUellccfml Ol^errcr, vol. ii. p. 401. (Iroombridgc, Loudon, 
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waggons and carts laden wiLi square blocks of a substance of 
<lazzling \\1]it(*iiess. His cles.^-iplion of Carclaze and Avhat he 
saw there will inten'st anyone wlio may refer to it, osjjecially 
as it is nee.oiupanied with a coloured view of the moor amt the 
mine. 



CIIAPKR XI 


ClllNESK KAOLIX -JIlSTora' ANn COMroSITION 

TX Chincst' kaolin, llio writer is soiisil)]c of Low 

V(‘ry iin}>erf(‘(;t our kiiowk*(lo(.* still is regarding the materials 
us(mI by lLi‘ Chinese iw the manufacture of their unrivalled 
j)orcelain. krom the written annals of Fe(»uleang, a city 
belonging to tin* same district of the Empire as Iving-te-chin — 
the great sCfft of th(‘ ]K>rcelain manufaetori(‘s— it ap[)ears that 
the date of the origin of the art of making ])orcela3i is uiii 
known, hut it is slat(‘d tlu‘r<‘in that from a date answering to 
A.T). 412, the latter city Innl enjoyed the honour of supplying 
the imperial city with t>oreelain, and# the invention of the art 
must have occurred iit ^ much earlier i)eriod. Jt is stated by 
dulieii,! that its manufacture was cmnnienced in China in the 
district of Siii-p’ing (province of Homan), under tlie dynasty of 
Handsome time between n.r. 185 and 87 ; anil that as 
^arly as a.d. 000, porcelain was in common use throughout the 
country, find consequently the manufacture must, even then, 
have Ik'Oii on an extensive scab'. 

In the face of such fjicts as these, from whieli it may })c safely 
assumed that the manufacture of porcelain has been carried on 
in China for somewhere about 2000 years (although |omc 
writers question this^ and restrict tlie period of its manufacture 
to 1500 and even to 1000 years), it certainly does seem 
remarkable that we still oue nearly all our knowledge regard- 

^ Histoirc ft%thricatim (fr la. Porccltfi^i- Chinoise ; Oan'nge Traduii da 
C%inoi8, par M. Stanislaus Jfllien. •Paris, 1856. Translator’s Preface, 
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ing the materials used h}^ the CJiine.se poUers to very imperfect 
information obtain^.d hy one two Euroj»eans, wlio, from want 
of all practical knowledge of the art of pottery, and from their 
ignoranc^,of its technicalities, were incompetent ami unable — 
even had gre.ater facilities been at their c(»nnnand for obtaining 
them — to furnish such reliable details iw might have enabled 
our manufactui'ers ere this to rival the porcidaiii of the Chinese. 
Some scant} information may be found in the account given by 
Marco Polo,^ the celebrated A'eiietian travelli'r, who, in the 
thirteenth century, reside«l for some time in China, and saw at 
Kin-sai the manufacture of ]Mircelain. lie states that the 
manufacture was carried on to a vast extent, and adduces as 
proof of its cheajmess, even at that early date, that eiglit 
porcelain cups could Ik* purchased for a Venetiair groat. lie 
diieutionS the fact of the jirepared clay — which in China is first 
kneaded in pits by tin* feet (»f the workmen, and then by hand 
in smaller (piantitie.?— being left exposed to atmospheric in- 
fluences for many years. This practice is one to which Chinese 
potters evidently attach much importanci;, the ])repared clay being 
frequently kept for fifteen 'or twenty years; Dr. Watson (in his 
Chemical Kwif/x already quoted) say.*<, for “twenty or thirty 
years” licforc lje.iug^u.*fed. The longer it is kept the more 
valuable it is considered, and instances are not uncommon of 
provident parimts ]»re]jariijg suftieient clay ti^ last ♦heir sons 
for their liMnie. In an article jn “Gliiria and Earthen w'are,” 
in The PoW>nj (lazeile for May 188 * 1 , it is .stated that instances 
are not unfrequent of a Chinese letter making his wares of clay 
first ^’jrepared by lii.s grandfather. 

This practice of a lengthened mcllowii»g of the slip is one 
which it would be well if our manufacturers could follow to a 
g/iater extent than i.s customary in Euro])e, as no amount of 
pressing, kneading, and slai)pjng, or other mechanical processes, 
can possibly solidify it so perfectly nS that of leaving it for a 
^ Tramlntion. 4tli edition. 
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lengthened period to the aoddifyiiig and mellowing elfects of 
atmospheric infliKMiees, the longeij.cxposcd to which the more free 
oLair-huhhles, and the more liomogeneous the dried slip, becomes 
and the more })erf(‘ct, of course*, the wares made from H. 

As nicntioiK'd by mother c»)j.tril->iilor to The Toifen/ (rdzefie^^ 
the ^luseum of th(j Hoynl Society had, previous to Cookworthy’s 
discoveries of Cornish china clay and slone, specimen:, of the 
Chinese kaolin and pc tun Izo,-, which had been presented to iC' 
by l)r. Shernid, a traveller in China, ami which, the above coii- 
trihutor states, had siiggcsbyl lo ('ookworthy the examination 
of the granier (or gr:wi(*n) of Cornwall for siniil.ir niatei’ials. 
lie further slates that, according to C’ookworthy, the felspar, 
which in the white granite of (’ornwall is comhined with 
quartz and mic,a, supplies the most essential component of 
Oriental china. In tin* same arthde, the writer mei/tions the 
discovery by .Mr. llyan, F.S.A., ‘‘in a deserted Icail mine, of 
felspar in the two states, which the Chinese call kaolin and 
j)ctuntze, or roi*,k and clay.” When and where (although the 
locality was probably J^'ornwall) is not stated, but in an article 
already quoted, tin* writer of it gives the date of ^Ir. Ryan’s 
discovery as 1834, and states tliat the clay j)ossessed all tlie 
esso,T,itial qiialitie.s of the Japan kaolin. ]^>oth of these mat(*rials 
were used by Mr. Josiali S]>ode ft)r many years. 

The writer called lately at the Royal Society’s rooms, in tlio 
liopo of seeing the spudmey.s above referred hi. but was in- 
formed by the secretary that the whole contents of the museum 
liad, many years ago, been presented to the Rritish IMuseum. 
On going there, Mr. Rleteher, tin* curator of the mincra^ogieal 
department, inforiirid him that the presentat ion by the Royaf 
Society must have been before bis appointment, as he liad 
never heard of it ; but he obligingly ollered to search the 
private drawers under the cases containing the kaolins ami 
other silicates of alumina, andoin ^('iic of them wc found a tray 

* “Progress of Pottery MamifacUiurc,” No. II. Ai»ril 1883, 347. 
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with a of china chi^', Relow which tliere is an old 

faded scrai> of papqi; on whie^ is written^ in ink, ([uite hrown 
from age, not “kaolin,” but ‘■[)etnntze” — this very j)robably 
being onejd the s[K‘ciiiiens presented to the Koyal Society by T)r. 
Sherard, although, of course, thcUabel inaydiave got misplaced. 

In the of Spccimem ih the Mumim of Practiral 

iieolorjy^ which has been several times already quoted, it is 
*i?aid (p. 9) that it is jn^obable tlfit the general composition of 
the artificially ])rej)ared clays employed by the Chinese for their 
porcelain has long remained llie same, sm that ))y an e.vamina- 
tion of those now employed we may oblyin a fair knowledge of 
those foJ'iiierly used. This was written nearly twenty years 
ago, but to this day, notwithstanding the Chinese Empire 
having been since, and during most of that time accessible 
everywlnwe to Europeans, who have penetrated to its most 
remote jiarts, wv have still, so far as Die writer can ascertain, 
no reliable information whatever regar<ling the ingredients of 
Chinese- porcelain and their e(nnpositb)n later than the very 
superticial .and im]>erfect information fijrnished by the .lesuit 
father, Francis Xiivier 1 )’Knt'recolles, who, early in the eighteemth 
century, was residing as a missionary at King-tc-cliin. In the 
treatise referred to in. the last ehapt(*r, .and from whicli Ihe 
writer quotes some interesting details in this article, the 
author shites that J I’Eiitrecolles contrived to (;liidc thg jealous 
vigilance so generally practised then towards strangers in that 
country, and that he not only obtained specimens of the earths 
used in the comj)osition of their porcelain bodies, but also 
acquired some knowledge of the processes tmi ployed in its 
\nanulacture at Kiiig-te-chin. He states {vjso that a very ciT- 
cumstantial letter was written by the learned father on the 
su’'ject, which was publislied by Crosier in his general descrip- 
tion of the (Jhiiiese Plmpire, but, owing to the wanttpf practical 
knowledge on the part of 1 )’E!itrtcollc% liia descriptions “ proved 
so def^siitive in many particulars as to afford, little or no 
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assistance towards a kiiowlddgt of the iiij^redienis used for 
Chinese porcelain ''and yet, defective asi],iis descwptions are, 
tlkey liave been the only ones aV/iilahlc to potters and students 
of the sul)jc('t duriiif^ the 170 years (n* so wliieli have elapsed 
since they were pubMshed -during whicli time they have been 
repeatedly (pioted by numerous writers as ‘f they were full 
accounts and pi'rfeetly reliable. In the Catdloijue of Spf^n- 
mens in the Museum of Profticol (ieoJogy (p. 9.), it is said ^ 
that, according h) the Tere d’Entrecolles, tin* chief ingredients 
of Cliiiiese porcelain are kaojin and petuntze; and, it is added, 
it is generally believed that the former is decomposed felspar, 
but the definition of the latter is involved in morci difliculty. 

signifii's a whit<‘- paste, and the suflix he is merely a 
diminutive ^ipplicd to tli(‘ material when made into the usual 
form of small cakes oi* bricks (those of a yellow ea.Hh being 
called ]nran-iuH-fr.(\ and those of a red material hun-tun-ize) \ 
and it appears, indeed, that several subsUuiC(‘s used in the 
nianufac.tur«' are prepared in the forjii of white tablets, and pass 
under the comimm nanic of yetimlze^ which term only indiesates 
colour and size, and nothing whatever of their composition. 
Jly D’KiitrecoIles, however, it was assumed to be ri'stricted to the 
fusibje ingredient of the porcelain paste^ and therefore it has 
generally been considered to denote a substance resem])ling our 
Cornish china stone (although no analysis of it, \vith th(j 
exception of one of a Ja[nuiesg porcelain-stone given by Janviers 
— and which may or may not be identical with petuiitze — so 
far as the writer has seen, has ever Iwon published), which is 
an aggregate of felspar, usually more or less decomi)Osed, and 
quartz, commonly associated with a talcose or alkaline substance* 
— in fact, a disintegrated granitic rock, protogene or ])ogmatite ; 
and in a footnote (p. 9) it is said that “it is probable that 
some confusion has arisen in the application of the terms 
‘ kaolin ’ aiid ‘ petuntze,^ iyid tlyit fliey are not used in the same 

' sense as that in which they are employed in China.” 

0 
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other quotations from varRms'’ autliors eouli l)c j,uveii, to 
show, not only thiit,eonu* uncerhiinty exists in refereneo to this 
material, petuntzc, but even tluit the opi^bsite of the generally 
received opinion about it is h ':lil by some, as foi‘ instance in 
DodfVit Diciionarn} where it is said that a “ ])eculiar kind of 
granite called Co nish stone was, s*)me^vhere about a century 
ago or more, found to be almost identical with the kaolin, or 
porcelain earth employed by the, Chinese. This,” it is added, 
“was a great step towards the naturalisation vl iliv." manufacture 
in this country.” In this passage china stone is identified, not 
with the petuntze, but with ka^diii. 

The communications of l)’Entrec(dles excited much interest 
at the tini(‘ of their }mbli(‘.ation, and hnl to the celebrated 
Reaumur undertaking a series of investigations will the object 
of ascerkining in what the superiority of Chinese porcelain 
consisted, lie procured sjjecimcns of Chinese, Saxon, and 
French porcelain, which lui broke, and found the internal 
structure of both the two ^.former to be compact, smooth, and 
shining, while that (»f the French was less close and fine, and 
without lustre, and its gra’u resembling crystalline sugar. He 
next tested them by ex[iosure to such extreme heat in a crucible 
that all the Kurop(‘an specimens were melted, while the 
Chinese remained unaltered. This most essential difference led 
Reaumur to the discovery of the true nature of porcelain, which 
is a semi-vitrified c,ompound, in which one portion remains 
infusibh; at an extreme licat, whih^ the other portion vitrifies 
at that heat, and, envelo])ing the infusible part, produces that 
smootlmess, density, whiteness, and, in the case of china-ware, 
transiiarency, which, with a fine texture of ^he glaze (resembling 
the lustre of vtdvet rather than of satin), is characteristic of 
the finest descriptions of porcelain. Macquer, *however, in his 
Chemical Dictumanj, questions the correctness ©f Reaumur’s 
conclusions, and it is probable^ that, the Saxon specimens he 
^JiodiVs Vidionanj of Mmufadurcs^ article on “Porcelain.” 
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Gxperiinentccl upon wore nflt made of the best materials; 
Macquer assertin^^ that ilie clay-^and othtn^ iii'^rodieiits of the 
porcelain of Saxony are similar to those employed by the 
Chinese, one portion being ahsoi'utely infusible : and'!>n this he 
is corj’oboraied by tfie writer hlrcady quoted^ who says that 
“the Dresden, or tSa^on, china has some qnalTl.ies which render 
it decidedly superior to the Oriental’’ ; and after dt‘scribing iis 
materials and texture, adds, that “it is not fiisildc'-hy any heat*' 
employed iiHiring.” This may lx* so, when it is only subjected 
JiU the extremest heat of ltuT'*pean Ivilns ; hut tlie hcjit to which 
Chinese porcelain is usually subje(;ted is so much greater, that 
it is said that some of the materials euqdoyed in the (diinesc 
glazes cannot l>e vitrifusl at a lower temperature than would 
suflice to Ifise granite. The Chinese ])orcelain glaze is much 
superior to iiiiy use<l in Kuropean potteries, and requires such 
extreme heat for its fu.sion--the object aimed at being to render 
it perfectly impcuaueable to moisture from the ware in firing, 
whi(di is necessary, owing to the Chmese. subject ing the greatest 
part of their porcelain only om* firing, ]»revious to which the 
ware is dried sudiciently in the ait to prepare it for glazing. 
This plan, superseding the separate biscuit and glost firing of 
our j^itters, must secure a great saving in yme and cost of firing, 
J)eside.s in that of breakage and (»ther losses in the kilns; but 
it is uiiaUainahle by our porcedaiu manufacturers, owiiig, if for 
no other cause, to the iufcrioi^ refractories of IhtJ fire clays they 
use for saggers, a reference to which was made by the writer 
in liis article on “h'irc Clay,” in The PoVern Ua:xtte for Decc'mber 
18 ^ 3 . 

Keauiiiur, in his Experiments with the specimens of kaolin 
and petuntze received from China, reported to the Academy of 
Science, that while the former gave no indication of fusion in 
a •porcelain-furmice, the other w^s fused without any addition 
of fluxing materials; but owing to the want of authentic 

^ “China aiK^artheiiware,” TJb^Poltci'y GaxUCf May 1883, i%441. 
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analysis nf both these materialo tliore is evidently a great 
(loliedency of reliaUV informaHon as to their exact composition. 
The writer on “Chi^ia and Earilienwarc” in The Potienj iiazeHe^ 
already (pjpted, says that petuntse is (d)taiiied l)y abrasion and from 
“fragments of a rocky mineral, (.f which tl.' greenish is the best 
— now proved to be fidspar, with a small portion of protosuljdiate 
of iron,” and he then proceeds to indicate, rather than describe, 
^thc process('s by which it is rednced to aii iinpalpabh^ powder, 
and formed into <;alv(‘s, in size and thickness iiUrdi like floor 
tiles, lie states, however, that kaolin also is “obvioiislv 
felspar found in be«ls reduced by atrmspheric* actitm to the 
state of clay ; and that it is so named from being found in a 
state, by nature, almost ready for the manufacturer.” That 
this is not the origin of its mum* is M’ell known, it btdng derived 
jfrom its 'original source, as stated bedow. The same writer, 
referring to china and porcelain as well as to earthenware, 
says that its “hardness, infusibility, and nnalt(*rnbility rerpuTc 
the presence of flint”; .and again, “silica, Avhen pure, is 
transparent, and Avhen calcined loses mueli f)f its adliesive 
quality, and even in the paha'rised state communicates to the 
Avare hardness, firmness, and unalteration by firing. ” Now, as 
evidencing the confu.';jion of ideas in re.spect to the composition 
of the ingredients of porcelain, and of kaolin and petuntze, 
respectively, the author of the Treatise on Porcelain^ quot<?d 
in the last chapter, says: “It \< the kaolin which, although 
much softer than the petuntze when taken from the quarry, 
gives strength and body to lh<* porcelain, and consequently 
thisj^jr some substitute jMJSsessing the same quality, forms an 
* indisjiensable iiigredient in its compositiorr ” Ife adds that “it 
is related tliat some Ehiropcan.s, having privately obtiiined 
some blocks of iietuntze in China and conveyed them to their 
own country, vainly endeavoured to convert, them into 
porcelain; which, tiecornin^ Ixiiown to some Chinese manu- 
facturprs, they deridingly repiarkcd, “ That certainly the 
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Europoans must Ijc a wuiideitul ^)eoj)l(‘, to go about to make a 
body, whose ‘flesh '^wsis to &iy?tam itse^^ without ‘bones’” 
([ 1 . 109). Tills story appears t^omewliat apoeryplinl on the 
face of it, but, if true, does it n(j(. rather indicate tlijd.petuiitze 
is at all events not»identical witli china stone, whicli can by 
itself make a passabM bodj' ; and tlnit inor. ]»robably kaolin 
was the material — tfio attempt to make a porcelain of’ which, 
without a siliceous ingrcdiiyit, excited tlu‘ mirth of the 
Chinese mai 4 ,irfa(*tiirers^ The simile they used (if they did use 
it) was not a very approjiriatg one, but certainly our cliiiia clay, 
would be more a[)propgatcly called the “llesb,” and flint the 
“bones” of porci'lain, than would the reversal of these terms. 
The same author states that kaolin is found intermixed with 
jiarticles o^ a shining substance resembling mica (]>. 105), 
and again (p, 109) that it is known from tlu’ particles of 
mica whi<*h it coiittiins, to hav(‘ its origin in felsjmr, or (? of) 
graphic granite (|)eginatite). Those two rocks, felsjiar and 
pegmatite, an* not at all similar; lyid it will be* shown that 
kaolin is not derived from a granitic r(»ck at all. 

[t has been stated liy the l>ar(«i von Itichtufeiii that it 
seems uncertain now whether the (’hiiicsc use, in making 
l)orcelain, what we call kaolin, for the mineral they obtain from 
Kau-Ting, the htcality from whicli their kaolin was originally 
got, and from which it has been named, is a greenish rock 
(Yeou-ko), as hard as felspf^’, which they reduce to a fine 
powder by stamping and other 2 >roeesses, after which it is 
moulded into small bricks, lie adds, “that formerly the best 
quality caflfe from Kau ling, hut that this place has lost its 
prestige for centuries; nevertheless the C^iiiu'se still use the 
term for the best of (his material, from whatever bjcality it is 
got.” ITihulunlftely the Jkiron gives no infoimation as to the 
locjilities froi^i which the factories (500 or more in number at 
the time D’Kntrecollcs r^^sidei^ tflere) at King-te-cdiin now 
* American Journal of Science, March 1871, p. 17!). 
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obtain their sii])j)lics. Ue states further, “that the aj)plicati{)n 
of that name, by L’orzilius, jjo porcelain earth, was made on 
tlie erroneous snpp9sition tluit the white earth he received from 
a meinbGr j)f the embassy occurred naturally in this state. The 
name hml oj material ts ralletJ petunhe” Its composition is 
given by Janvier,^ from an analysis ]»y Ebelnian and Salvet-at, 
as — 


Silica . ' . . . . ■ . 

. 75*00 

Alumina 

. T . 11*02 

Magnesia 

. traces 

Potash 

. 2*09 

Soda !' 

. 3*05 

Ken ic oxide 

. 0-08 

Liino 

. 0*05 

Ox. manganese 

. 0*03 

combined 

. 2-03 


9*1 *4 4 


In the work of Stanislaus Julicu, above quoted, there is an 
apiMmdix containing a short “ Memoire sur la Porcclainc du 
Japon,” by Dr. J. Hoirmav, describing the ]»orcclain quarries of 
Japan, in which he stales that the “terre lilanche,” or “terre a 
jiorcelaine du dapoii,” which is used for the fabrication of 
porcelain, comes from the mountain Idzumi Varna, and is white, 
but as hard as rock, ami has to be. broken with hammers, ana 
pulverised in mills. Its composition as given by Janvier, from 
an analysis by Malaquti, is — 

Silica 75'09 ' 

^lumina * . 20’00 

Potash 3-0;, 

Linio O'Oti 


98*20 


* Tnidlwl Kcramics^ hy c! A.^ Janv'er, p. 34. Chatto k AVindus, 
Loiid^ff, 1880. 
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From U»e large percentage of* silica and tin* i)ercentages of 
alkaline ingredients A tliesci tw(,) analyse8|*it may be assumed 
that th(3se are the analys(3s «»f 'sAry siliceoijs felspai’s or pe.tro- 
silexos, rather than of the. j)drc(.4ain clays obtained fr#m them, 
of which they arc gwen as aimlyscs ; hnt the more the matter 
is looked into, the moi\i inicVrlainty apjn'ars {fLtacht'd to it, and 
it is very much lo ho regretted that some jK-rsevoring flttempt 
ha.s not been made ere now, idlher by the Chamber of Com- 
merce in ill e^i^otte lies, or ])y (lie authorities of the ]\luseuni of 
Practic.al tJeology, London, ],<» obtain lioth from China and 
Japan certified spiicimejis of the various minerals which arc 
used as ingreiUenls of their porcelain wares, and of which 
reliable analyses (uaild then be had for comjiarison by our 
[Kirceluin njfciiufaeturi'rs, with those rd our Cornish and Devon 
china clay and stone. 



CJIArTKIl XII 


cm XKSIC K AOLT N — 1‘KTUXTZI! 

"* t 

I N Uu‘. Trraiiiie on J^om-hujty (|in>t«Ml in lust cliapU^r. 

and already rofcirod to, tlie anUior hlalcH (p. 105) tliat 
tlio Cln'iioso kaolin and pelunize ‘‘are found in niines or 
quarries situated between tweid-y and tldrty leagues from 
Kiiig-te-ohin, to which they arc brought in sfUall vessels, 
which arc eontiiuially passing up and down the river of Jao- 
tcheou for that purjjose.,” and he farther states “that the hard 
blocks of j)(‘tunt/.e are cut from the quarry in the form and 
about the size of our bricks, and are brought in tlds state to 
Kiiig-te-chii).’' ^ 

lie describes the metlu'ds by which th(‘ piduntze is reduced 
to a sediment and dried in moulds and afterwards cut into 
square piec(‘s, which are sold by the hundred to the povcelaiu 
makers. Il(! states also that “similar pn>cess(!S are followed in 
tin; preparation of the kaolin, but this substance being much 
less hard than p(‘tuntze, loss labour is requirexl for its perform- 
ance.” In this account the kaolin and petuntze — which are 
the prej)ar(id materials, and ajjpear to bo jwepared for use, not 
by ^lie pm’celairi manufacturcTs, but by parties who' make their ' 
preparation a .sjtecial business — are (svidnitly coufoiiiided with 
tl^e rock minerals from which they are produced. The author^^ 

^ Although the writer has followed Jaiiviers aud other recent authorities 
hitherto in the spelling of thig itanic, he may as well mCTition, that in a 
new map just issued by the Chiliad Inlaiftl Mission, it is sjkjU “ King-to. 
ching*’ , 

■98 
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further’ states that two othei' sflhstances, described as oil (a 
Chinese term for an* alkaline preparation* t)f lime, 'hut which 
contains no oil) and varnish, a4 us(‘d in j;he manufacture of 
])Orcelain---one of tluve is “ a (•(fliihination of potuni^* (Ipetro- 
silex) witli another •substance, the name and (’composition of 
which is not ‘^iven, Igif “ to each one ]iundred*pouiids of which, 
after beiii" reduced to a creamy e.ondition, one j)oun(l of a 
mineral Ccalled ‘sliekat*,’ or •ehy-kao,’ which a kind of 
j^ypsuui, is »Med.” The other is “a thin paste of lime and 
Ty>tash obtained from (piiidJiiiie and fern ashes,” the latter 
tluxin<» the linn', and, “.to dissolve tliis mixture she-kao is also 
added in the same proportion as to the other. To tlie aj,mn(;y 
of tliis oil of lime the (Chinese manufacturers attiibute all the 
lustrous afi[)earance of their porcelain. In mixing these two 
varnishes together, one measure of the oil of lime is added t« 
ton measures of that of jM’tuntze.” The same author states 
that since the time when I )’Kiitrecolles communicated his 
observations on the porcelain manufaeture in China, the 
potters there have dis(^overed a new mineral wliicli they can 
advantageously use in the manuf{t?.turo of jiorcelain. It is 
described by liim as a s[)cci(‘.s of elialky (or calcareous) stone, 
“whj^h bears sonic outward resemblamje to soap, and is 
declared to jiossess considerable medicinal virtues. It is called 
‘hoa-che'j and when used instead of kaolin, the result is a 
porcelain of very line grain,^aiid much better qualified for 
receiving colours, but more brittle and far dearer in cost than 
the common porcelain, the ju-’ce of hoa-che being three times 
that of kiJblin.” The hoa-che is vei’y probably a sgecies^ 
of * steatite, a silicic of magnesia, and ^\llieh is capable 
of being made into porcelain without any admixture of 
other materials, as the author affirms can bo done witli 
hoa-clie. ^ , 

Now it would naturally Jie c^^iected, that, having a Museum 
ef Practical Geology here, wl^ch has been in existewaft fnv 
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many years, anyone desirous rtf Ittarning something of the clays 
and other •ingrediL'ctts enn)h>yed l)y the Chinese and Japanese 
in the manufacture^ of their f-u-eelain, would find s])eeimen8. of 
all tlieiuj ^materifds there, w^h analyses of them attach(‘d. 
Strange however as it may ait])ear, it ins not the less a facd., 
that all our ( Jo\*\‘rnment Technological *]\hiseum c,an show is a 
few snihll specimens, not obtained tlirough ollicial agency, hut 
which have' been ])icked oil* thv makrials being conveye<l by 
the vessels fiom the (juarru's to the neiglibourhft*^;! of King-te- 
chin, or from the carts eoiiveyivg them from the vessels to 
the works, by someone who probabjy was unable to tel! 
correctly what the several speca’nu'ns really were. These, such 
as they arc, have been forwarded to the Museum by AV. Lock- 
hart, JCs(i., to whom therefore all tin* scanty meanr.at present 
available for any practical knowledge of Oriental porcelain 
ingredients are due; but even of these no analyses have yet 
b(ien published. The. writer, by the courtesy of Afr. Kudler, 
curator of tluj Aluhcum, has lately been allowed to inspect these 
ppecimens — of which, however, little can be made without 
analyses. Amongst them# is a small specimen about inch 
long, by broad and I of an inch in thickness, which iso 
hard mineral of a oreenish-ycllow tint, ami labelled as the 
mineral from which the Chinese kaolin is produced; whethci 
it is identical with tin; mineral “ Vecui-ko,” of which Janviei 
tin his Prarili'dl KeramicHf p. ^34) gives tlie analysis quoted 
)ii p. 96, supra, the writer has not y<‘t been able to ascertain 
jut there is no doubt that it is a petrosilex and not a granitoid 
ningral such as Cornish china clay is obtaineil froifi. Janvier 
rorn the best information, says (p. 149), i^niay now bo infeAod 
‘that most Chinese porcelains have a strictly petro-siliceom 
)asis, and that the term kaolin is applied by the Chinese to i; 
washed, pulverised petrosilex, and not to the clay wc pal 
kaolin ” ; and therefore, frbm ^tliis ^nd the various quotations 
alrca^Jf given from other sourcjps, it would certainly, the writtn 
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prcsuinf*^ to tlifiik, be an adv.^nta^ci gained to the iiomeiiclaturc 
of porcelain inaniifactwre, if the term kaul^v was dropped as a 
name for our china May, and il|it of (iarclazitc substituted, as 
I)roposed by Mi*. Collins. 

As may be inferred from t^^e foregoing reinai'ks, there are 
few available sources* for ♦)htaining reliabli^ analyses of the 
ingredi(‘nts of Chinesi! porfelain, hut leaving over in meantime 
any that it may he jxissilile to (d)Uiiii of its othcii ingredients, 
the writer wiU n?nv give all the analyses of Chinese kaolin, 
which have come under his notice. Shouhl any readers be 
lit possession of others, or he able to rc'fer t'> sources of 
obtaining tlnnn, tlnjy will confer a favour by sending them, 
under cover, to the piihlishcrs. 

Tlu‘ autljn* of the Tmiiifio on J*orcrhiin Manufarhire states 
(p. 109), that the. kaolin (juarries of China are similar to tht^ 
mines of Al(‘n(;on, and St. Vrieix near Jamoges, where a 
similar porcelain earth is found — all of them having a super- 
stratum of red, frialile, micaceous roc.k, of the texture of gneiss, 
brom his statement, how'ever, it is really dillieult to determine 
when he is referring td the elay, aj^d when to the rock it is 
o]>taiiie<l from. JIegi\es no analysis of the kaolin, but states 
its coni])osition to be — 


Silica 

. 52*00 

Aluminji 

, 42*00 

Oxidn of iron 

. 0*33 


04*33 


but# the writer beliove.s this is not likely to he eorrect-*-ilie ' 
percentage of alumina being much in excess of the percentages 
' given in all the olAier analyses. 

In Lloxam’s ChemiKinjy ji. 28r>, it is stated that the Chinese 
kaolin contjffns “ a considerable |t>Tiioii of free silica ” (which 
ig doubtful), “along with variable percentages of lime, magnesia, 
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and oxide of iron,” and the following analysis of it is given, 
viz : — 


Silica . . . 

50-5 

AluillMl.'l .... 

337 

Totash and .soda 

. . . . 1'9 

Oxide of iron .... 

. I'S 

Jdagnesia .... 

. . . . 0'8 

Watci' and lo.ss 

ll'S 


, 100-0 


In Uro’s Dirfionanj vol. W. ]>. 512, a similar analysis ‘ 

is given of kaolin from Si-king, in China — evidiaitly of the 
same clay as tlio foregoing, as the analyses arc exactly alike. 
Xeitlier of tliesi' gives tin*, source from wliich they o])tainod their 
analysis, or by whom it was made. 

In tlie same dictionary, however (vol. i. ]». 204), is given 
tlic folI(»wing analyses (investigated hy W. Kiilman) (d thrc(‘. 
qualities of kaolin from Kiu-kiang, in the form of bricks dried 
at 110’ C., ami of course not deprived of their constituent 
water : — 



No. 1. 

No. 2. 

No. 3. 

Silica .... 

. oO’dij/ 

52-208 

51-210 

Ahniiiiia . 

. 32’/ 3/ 

31-997 

33-150 

O.vidc (jf iron 

. 0-955 

0-712 

0-709 

1‘orrous fixido 

. I’OOO 

1-911 

1-936 

Ox. nianganoso . 

. 0-827 

O 

o 

0-843 

Lime .... 

.• 0-501 

0-464 

0-456 

Magno.sia . 

. 0-268 

0-273 

0-284 

Potash 

. 2 -.520 

l-.’.(50 

1-103 

Soda 

tra«*cs 

0-970 

0-992 

"Vv’atcr ... 

. lO-Oll 

9-199 

0 ______ 

9-500 


100.-14C 

100-134 

100-483 


Lyein gives the nndernoted analysis quoted from Phillips’ 

A. ■*' * 

^ The Shtdcnls' Elcmids of C^'olotjy, by Sir Charles Lycll, 2Dd 
editiouv 187-1. 
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Silica ..... 

71 '15 

Ahunina 

irj-sG 

Lime .... 

] 

Water . . . , 

C*73 


ar.-fic 


Ami it is |)rohal)lt that lliis iflialysis may mncli liiore correctly 
r<‘])roscnt tliS cliaractrr of mueli of the (^lincse kaolin than the 
ilrst one given, heeansc tlieii^ porcelain bodies (Mintain a much 
larg(‘r ]ir()i)orlioji of silfca and less alniniria than does English 
porcelain, both their kaolin and petunlze being obtained from 
very siliceous rocks. 

Jt will Ije seen from a comj>arisou of the above analyses of 
kaolins from Kiu-kiang that they have larger })ercentages (If 
silma than the Cornish and Devon china clays, of which 
analyses have been given ; while, on the other hand, all the 
analyses of Chinese kaolins given above, with the (*.\ception of 
the last, have less pcfcentages of silica than several of the 
china clays of France and Saxony, analyses of which have been 
given. 

Jdlivicr says that the “best Chim»e porc(dains appear 
• niiicli the same in texture as tlic. Kuroj>ean hard i)orcelains, 
dihering,* hoM'ever, in the composition of botli the paste 
and glaze,” and further, fhat, “having a much greater 
projwrtion of silica, they arc more fusible than the fine 
European ^>asles, whicli are very alnminou.N, and conse(pic‘ntly 
vary hard.” A (’,omi)arison of the. analyse.s, however, ofc their* 
kaolin, with those df the Continental clays, shows, as has just 
been stated, tha 4 at least some of the latter have a considerably 
larger j^ercentago of silica than the Chinese kaolin — unless the 
analysis Phillips’ Mineraio(jiy is to be taken as their 
^standard; and that th^ Clihioso porcelain, if much more 
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siliceous tliaii tlic European, derives its excess of ulica p^oLiibly 
from its petuiitze inf^redient. 

Janvier Jiroceeds' to say that the Chinese paste, and still 
more the "laze, will melt in the greatest lu'at of the Europi'an 
kiln. Thii^ and the precediii" statement are so diametrically 
opposed to the statements the writer quoted from Reaumur, 
and from other * sources, that, not having himself much 
practical knowhidge of jvu'celain manufacture, he cannot olfer 
any oinnion of his own as to which is correct ; hut would 
urge the diversity of statements in the matter as a proof of 
the desirability of specimens of tlie (diinesc and dapanesv. 
porcelain materials, and of Iheir porcelain, with accompanying 
analyses, being obtained and placed in the dermyn Street 
Museum for the benefit of the trade. 

The writer hiis been unable to find any reliable iiiformation 
regarding tlm ingredients of J.'ipanese ]K>rcelain cxc»q)t from 
Janvier, who, in Pradkal already qnotody gives 

the following analysis of “Terre iV Porcelaino du Japon” by 
!Malaguti, viz. : — 


Silica 75*00 

Ahiniiiia 20*00 

I’otash 3*05 

riuorvinc 0*Ca 


08*20 

and mentions quartz, felsite (oi petrosilex), felspar, and a 
peculiar ])orcedain stom* from Arita, as other ingredients of 
Japanese porceJain. Janvier says that the .lapanese have 
i^UTpafC’.c<l their teachers, the (Chinese, and are now the best 
potters and decorators in tin* world; in delicacy of finish and 
in i)crfection and harmony of colour they r/'c unsurpassed. 
According to their own authorities, they derived the art of 
porcelain manufacture from^ the Chinese. In the sixteenth 
century, porcelain was first raadfc at ^lizcn under the direction 
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of OlOrQdayii f^lionsui, wlio went to China to learn the art, 
while, al)oui the siiine time,"' i^cveral ixm^elain makers were 
brought over from the Corea by .Prince Nabesshiina Naoshige. 
The art ha<l been, some, tinr' previously, liitrodnciMi into the 
Corea from China, ami liad there attained such i)erfection, 
that lx»th China and ,.lapai} acknowledge their obligations to 
that country. Cenuine Corean p(»rc(‘lam has a remarkably 
pure whit('. surface, and is very thin and delicate. The 
Chinese value it highly, but* no jxiniclain is now made in 
Corea (Janvmr, ]). 10:1). 

A<JCordiiig to the sanu^ writer, the Japanese paste is more 
fusible than the Chini'se, and tlndr porcelain is verv translucent, 
owing to the fact that it contains inon' silica and less alumina 
than the Chinese or any other hard p«)rcclain. It is also of a 
purer wliiie bo<ly than the Chinese ; the best (pialities are very 
delicate, and are very carefully finished (Jl*. Ilizen, Owari* 
Kioto, Tokio, and Kiiga, arc the principal places for porcelain 
in Japan. 

The following are two other washed ingredients of Japanese 
porcelain, callc<l “ Shiiij-chu-chi ” and “ Sakaimo-chii-chi” 
respectively, analysed by 'Wiirtz, wfiich arc givtm by Janvier, 
viz. : — 




Silica .... 



. 80 ’920 

81*141 

Ahmiina . 



. 1,VS22 

14*542 

Magnesia . 



. O’lOO 

0-242 

r<ita.sli 



. 0f>30 

0-999 

Soda .... 



. 1 *,^30 

1-789 

Iron .... 




1-000 

Flunrim- . 



. 0-1 r>2 

0-1 ‘^5 

Os. in.ingaiM'M- . . 



. 0-n14 

0-031 




100-000 

99-999 


What tkase arc, the writer determine, hut Janvier 

states (p. MS) that “aecoAlingHo wircful investigations made 
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at the time of the American^ Centennial Exhilrtion the lift cst 
Japanese porcelain seems to he made without the use of any 
kaolin at all, or of any equivalent thcrefur, being compounded 
as to its body sohdy of pctuiitzedike, or petro-siliceous materials,” 
and suggests that similar materials might be found in the West 
to enable our porcelain nianufaciqr(‘rs |-o rival the Oriental. 
Janvicr^is of oj)iniou that the European eJiinti clay porcelain 
seems to be a new invention which must be classed liy itself as* 
a china clay (carclazite) body, wlnlst the dapyaiese and Chinese 
porcelains should he ela‘<sed as felspar or pidrosilex bodies, as 
might be found to be most correct ; c(‘rtaiiily, at present, little 
is positively known as to their composilion. The Japanese, in 
tlndr exhibit in Paris (ISVS), stated that nn kaolin nm imd in 
Iheir pom‘lain. 



ClTArTEU XTTT 

ElJJlorKAN AND CHINESE CLAYS COMPARED 

P llOM Mic, statements (inoled from various writers in this 
work it is obvious that some uncertainty at least exists, 
afe to the ah'^olute identity of our Cornish cliina clay (carcla- 
zite) witli tire Chinese* kaolin ; hut as several authorities state 
that they are identical, and that any uncertainty thsit exists 
as to the cdmiu)silion of the iii<^M-edients of Chinese porcelain, 
relates inor<> to the ludiintzc* — assumed g(‘m‘rally to be the 
fusible or Iluxiiig ingrcHliont of the body — than to the infusible 
clay iirgredient, the writer will not discuss this question further 
until he treats of the Cornish china stone, wlieu the whole 
question may he more satisfae.torily reviewed. 

Amongst other wril(»rs on kaolin^ a promimmt place must he 
given to Messrs. J(dinsou and fJlake, who, after cunsidcrahle 
research, and the examiiiatiim, by aid of the micrnscoi»e and 
otherwise, of a variety of plastic clays,^ found that many of 
them, including porcelain and pipe clays, and also some lire 
clays, possess certain chemical and physical ])ropertics which 
admit of preedse delinition’ and that kaolin (china cla^) 
possesses th(!se most commonly anti ahundaiitly. These, and 
specially ^.le latUu*, they found largely to ctmsist of pearly 
hexagonal plaie.s of the prismatic or Irimetrit; systen?; ami 
in a joint article in the Amcnran Journal of Srience,^ they 
proposed tt) rank all such as a distinct and new mineial 
species (of the genus aluminum), under the name of kaoUnxio, 

> bn Kaolinite niid I’liolmtr," by a W. Jolinson and John M. IJlake, 
American Jaiimal of Science, K.S., vol. xliii. 1807, 
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and their proposal has heer, adopted in ther mineralogieal 
department of th^ n(‘W Xatiiral History Museum, South 
Kensington. ^ 

In the article reierred to, ^les^rs. Johnson and Blake say, 
that kaolin is deseribed by nearly all writers as an o})aque 
amor])h<)Us siibsUnco. Some have rtinentjoned it as containing 
minute transparent plates, but Imvc supposed them to bo mica 
or other admixture. They had examined “ twenty specimens 
of kaolin, ])ipc, and fire clays — origin of mo.st qnknown. In 
all of them were found greater or less ])roportioiis of transparent 
plates, and in most of them these plates are abundant — evi- 
dently constituting the bulk of the substance.” Tlmy further 
state that the “porcelain clay from Dcindorf, Bavaria, is 
perhaps the most finely divided of all the white clays studied. 
When dusted on a glass slide it appears to consist chiefly of 
masses of a white substance that are opaque, or nearly so, in 
transmitted light, but, when fully illuminated above and below, 
they have tlic translucent a.sjiect of snow in the lump. Inter- 
posed among these masses may be seen extremely minute and 
transparent plates of irregularly rounded outline. When 
placed in water, these masse,s are almost entirely resolved into 
similar transparent plates, most of which are not more than 
‘0001 of an inch in bicadth. This description applies also to 
all the finer plastic clays.” 

In reading Messrs. John.son and Blake’s article, the writer 
was struck with the fact that those g<!ntlemen had apparently 
not been able to procure and examine any sjiecimen of the 
Chinese kaolin, however carefully they may Ijave examined 
the pcrcelain and other clays of Kurojto and America; and 
yet they take for granted that the common belief, founded 
on the information furni.shcd by Francis Xavier d’EntrecolIes, 
nearly 200 years ago, is correct ; and actually, on that mere 
supposition, they have proceeded to apply the Chinese" term 
to the Euroj)caii and American clays., which differ both in 
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composition and orif^in iliose of China and Japan. 

It is certainly a ver}* unusual [uwoduro jso to lix scientilic 
nojiienclaturc on a douLtful hjjusis, and ^t is to similar jis- 
suraptions that all the unc(^rta‘iity prevalent on subject 
is due. 

jMessrs. Johnson a|id J*lake <iuolc the rheriical f(»rniula first 
^l(‘(luced l)y Forehhainiiier, from the analyses of a nuAiber of 
porcelain clays, viz., 4 8i, 3 6 It, or 2 8i, 2 11, and ' 

they ffive t};o following aualys(‘s from that chemist of the 
porcelain clays on which he, founds it, viz. 



Iroru 

From 

From 

From 


llicliniond, 

Zcisigsvald, 

Alleiiborg, 

Freiber* 


Vii. 

Sax. 

Sax. 

Sax. 


. 48 *;■)(» 

49-91 

45 -OS 

47 -74 

Almiiiiia. 

. 35a)l 

35-23 

39 -89 

39-48 

"Wider . 

. 12-88 

M-St) 

13-70 

14-07 


. 2-95 

0-00 

0-60 

0-00 


100-00 

100-00 

99*82 

101-29 


And they mention that\hey “foun(l more than thirty anal 3 \ses 
of clays, kaolins, ami stednmarks, which obviously agree with 
the formula above given of crystalline kaolinile.'’ They also 
state, tliat the first mention of a crystalliife substance with the 
^composition of Forrhlianimer s kaolin found by them, was 
“by Wohler, wlio des<'Ti]K*s, under the name of steinmark 
(lithomarge— a variety of cliina clay), a pale, yellow, coherent 
mass, which is converted by dilute liydrocldoric acid, with 
solution of little oxide of iron, into a white shining powder. 
Willi the help of a lenso, Woliler found it to consist of 
shining laminop, which, when magnitied 200 diameters, were 
seen to be transparent, and to consist in part of rhomlxiidal 
plates. The mass had an earthy fracture which assumed lustre 
by nihbinjJJ an unctuous feel, ini adhered strongly to the 
tongue,” 
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Messrs. Johnson and Blake also f’ive im analysis of a clay 
from SchLfickenstti'i, Saxony, hy Profcsor W. S. Clark, of 
Amherst Colh'go, as follows, Silica* 46*70. alumina 35*59, 
water 13*42, impurities 0*91 ■--"%' J] — sp. \iv. 2*0 ; and mention 
that “this required to he acted ni hy hot eoneentraO'd hydro- 
chloric acid for ome time before' falling to a white powder. 
]\rie.roscopical examination showed ils close physical rescinblaiicf' 
to kaoliiiite. It consists of j>lales and bundles of ])lat(;s, tbe 
largest being *0001 of an iiicb, or less, in breadUi, and, when 
sufiiciently magnified, showing a great similarity to the kaolinite 
from Summit Hill, Pa., 11. S.” 

From the investigations of Me.ssrs. Johnson and Blake, it 
may be taken that the basis of many of the china and other 
plastic clays is a soft, white, transparent, infusibh substance, 
V.hietly composed of very minute, llexible, hi'xagonal plates or 
lamiiup, crystallised in forms probably belonging to the tri- 
metric system. Its sp. gr. 2*6; lustre, pearly; insoluble in 
dilute hydrochloric acid; in most of its forms diiricultly decom- 
posed by hot concentrated hydrochloric acid, but resolvable by 
hot sulphuric acid, and di.^’solving completely in strong solutions 
of caustic alkalies ; and in chemical composition agreeing with 
the formula deduced by Forchhammer, from his analyses of 
various porcelain cl.ays, as given alxive. 



j^iiAvrpi XIV 

SOUJICES OK 11{|.SII*1’()J{CKI,AIN (;J;.\VK 

TTAVlXd.iiow* pretty ^v(‘ll cxliausted the sulyect of those 
^ arlielos on clays ; havii^ meiifcioiuMl the vai’ious varieties 
of clay, especially tln^so in whi(;h some readers are more 
especially interested ; having described tlioir eheiiii(!al com- 
position and qualities, their origin and mode of occurrence 
in Cornw^l and Devonshire, and also in various European 
localities; having also pointed out Ihc diU’erciice between 
j/he ])ipe and potling clays of Devon and l)orset shires, 
naturally deposited in beds ready for use, and the carclantr, 
or true porcelain clay, of Cornwall and Devon ohLnined from 
the decomposed granitic roe.ks (known in Cornwall as “ growan ”) 
by the various processes briefly described iu a former chapter; 
liaviiig also given what little inforniatioii is as yet available 
respecting tlie kaolins of ('lu'iia and Japan, and referred 
to th(} uncertainty still existing as to their being, as has 
*been so generally assumed, really identical with the china clay 
of Cornwall and other Eim)pea.n localities, I am anxious, 
to give some account of the china clays of Ireland and the 
rocks fri»m wliich they are, or may he tditained. 

So far ill! tlie writer knows there ar<^ no indications of 
(iei)bsits of china clg being probably ever found iu Scofland, 
although llristow mentions its l)eing found on th(‘ S.W. side 
of Fctlar,! one of the Shetland Islands. The writer cannot say, 
hoyvever, whether it e,xists in any (piantity there, but, if it does, 
* Otossary of Muurnlogy, h^^H. y. fliistow, F.U.S. London, 1801. 
Vudor “Kaolin Localities.” * # 
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iis (.listaiicc and tlic extremely exposed ami stoiHii-ridden coasts 
of the Shetlaiids, ri^^^ders it iiiijirdhahle Wiat Fellar will ever he 
looked to as a source of supply of chiiili clay for our Eiiglisli 
potteries. The Lite l>r. Thonfsoir, of (llasgow', who was a most 
enthusiastic mineralogisl a.s w(*ll as cheiiiist, ami who devoted 
nearly all his sj):«^rc time fur ten ye*ir.s to .the study and chemical 
analysi,; df rocks and ininerals, ('specially tliose of Scotland, docs 
not mention, in hi.s work on ]\lijiend<*gy, etc.,* eilloT Fetlar, or 
any oilier idace in Sitotlaml, as a locality fur I'hina clay, nor 
does li(‘ mejitidii any h»cality there ha- felspar (although felstone 
is ahiimhint in many localities) or pctr(»silex- -rocks from w^hich 
it miglit he derived; and no snhse(]iient. Scottish giuilogist 
or mineralogist, so fur as the writer knows, has indicated the 
prohahility of china clay being obtained in (inaptity there, 
or any at all elsewhere in Sitotland ; or tlie existenec' tlnjre of 
petjniaiiffi or yroiogme, or any other variety of granitie, roek^ 
such as those from wliich, by (h^composition, the soft “growan ** 
of Cornwall is derivc^d. 

This being so, sliould the (piestion— as in the cas?o of coal — 
ever he raised as to the ^irohahility df the (ixhaustion of the 
Cornish and llevoiishire china clays, and as to where our 
porc(dain manufacturer.s and potters can, in such an eventuality, 
hxjk for the supply l)f that material, or a suhstitulc for it, to 
keep their works going, the wu-iter l>eliev('s the reply must he— * 
to that so long neglected hut most imjiortant [Kirt of "the United 
Kingdom, Ireland, which, if the .sea that surrounds it be the 
“ melancholy ocesan,” as designated liy a lately deceased states- 
man, it is at all events a narrow one, speedily- and safely 
traversed at all times, and, when cro.s.s(Ml, revealing a couhtry 
of magnilicent harlx)urs mid inexhaiistihh* water-power, and, 
indeed, a real El Dorado of metallic and mineral wealth of 

* OatHms of Minmilotjyf Geology^ ami Mimral Analysis, hy Tlios. 
Tlionison, M.D., Regius Proffissor^of Cjicraistry in the University of 
GIasgo\j, 2 vols. London, 1836, 
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every 'sort, requiring .only intKlicnm of common sense and 
submission ‘to law on4he pait of its nali\«^^, and life thereupon 
spijody investment of e.apital, to^.lcvclop its^resoiirccs, and cause 
the “Kmerald Isle” io siiTile, avKiIi i>ros])erity and by the 

development of milling and jmnnufacturing industries, which 
might in time rival^thosc (tf any other pai‘U>f the kingdom at 
^hoine or of the empire alu'oad ; by wdiicb, along with flic other^ 
remedial agencies now so ellW^tiially in oiK‘ration,*fin end would 
speedily be^]iiit*for ever hi the agrarian violence that now 
<lisgraces it, and Irish hotels be changed into comfortable 
bomesteads ami tlieir ^at ])resent discnnfented inmates into 
p^os])e^o^1s^'lnd loyal subjects of His ^lajesty the King. May 
Hod thus, as w’cll as in other W’ays, bless old Ireland ! 

The Ayiter has mentioned several localities in Ireland 
where there ar(^ dep(»sits of jiipe clay similar and equal mi 
^quality to those of iJovey Tracey in Devonshire, and the 
various Dorsetshire IhhIr, and from aonn* of wliich largo 
quantities have been im])orted to England for jiotiing jnir- 
poses. So far as the winter has becai able to ascertain, 
however, the ehi(d focalities in« Ireland wdiere porcelain 
clay occurs are llellcf'k, near Lough l-'rne, in the County of 
Fermanagh, wliere, according to Kinaghan,^ there is a range of 
ail emlogeiious granitic vein rock of pink orthoclasc felspar, 
which is extensively worked hy the Lellcek Lottery Company, 
of which The Avritor hopes to^ive a. more detaik'd account in a 
future article ; Kilranehagh, near Haiti iiglass. County AVicklow’, 
Avhere china clay of a line quality has been ohlained ; a locality a 
little S.K o4 Wiistport, County Mayo, Avhere a decomposed dyke 
of ^etrosilex forms i^dyke of china clay : and TuIIoav, County 
Carlow, hut wlicrc the porcelain clay is partly impregnated 
with iron. There are also masses of decomposed granite in the 
Mqurne Mountains, County Down, which yield china clay ; but 

^ Manml of tJto Geology of .^eUni^., by G. Jl. Kinaghan, of 

IJkM. Gcologiijal Survey. London, 1^78. 

8 
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of these localities, the a.vailalii!c information, so Tnr as regards 
their being ^utnre pfubable sources of supj^y of j)orcelaiii clay, is 
cxcecidingly scanty ,,an(l the 'v^itcr is in*ho])es of having ere 
loug an opportunity of persoiiaily asr^irtaining how far they are 
likely to be so. , • 

Littl(> attentiontlias, however, be^^i ])aid but little 

^iriformafion is available, as to tbe extent of porcelain clay^ 
deposits in ireland, or of the rocks which hy their decom- 
position furnish it, and the Avriter cannot, k^n personal 
knowledge, say anything very d(;(inite on this point, but he 
believ(’-s that large, supplies of this, as Ajeh as of pi])e and other 
])o(te.ry clays, can be obtained from various of its counties. 
Dr. Kane ^ mentions that in many of the granitic, districts of 
Ireland the f(‘lspar is foiiml <leconiposed, and that, means 
(4 tlie same artificial processes employed in Cornwall, ])orcelain 
clay can be obtained from it. It is not, hoAvevor, so much^ 
to these ho looks for future supplies of material for porcelain 
manufae.turors, but to wliat he believes will h(‘ found to he 
inexhaiistiblc sources of such material, viz., the extensive 
ranges of petrosih'x occ, urging in manj' parts of Ireland, and 
Avhich, so far as he ean determine from the very scanty means 
available Jis yet in England for determining the subject, is 
identical wiih the cfiicf material used for the maiiufacfure of 
hard pnrcelaiii, both in China and Japan, in the latter of Avhich* 
country, if not in both, no such material as that generally 
called kaolin, and assumed to fx? identical Avitli our English 
china clay, or carclazite, is used in the manufacturer of Japanese 
poF Jain (as mentioned on ]»p. 100, 101), nor prolifibly (accord- 
ing to the statement of iJaroii von KieJit^)fcn, quotfrd on p.*95) 
*in that of Chinese porcelain either. 

Petrosilcx is a very liard siliceous variety of felspar (of Avhich 
only one very small specimen from China is to be found in 

^Industrial Ilcsourcts of Ir^and^hy Kane, M.D., 2nd edition. 
Dublin^ 
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ilie Jcrmyii Street M^isoum^ as*inentioned and described in a 
former chapter, by tlij! use of Avhich our i)i1rcelain nfanufacturers 
might probably ])r()ducc a^ body 4‘i vailing in*i‘very respect that of 
^ the best Oriental manufacturers^ 

According to Kiniaghan, dykes of petrosilex are specially 
numerous in Krris4»(‘^ the* country westwAd of Koundstoiie, 

• County of Oahvay ; while AVarren recorded many of* them in# 
the area to the north of th« Errilf valley, Coifnty of Mayo. 
They also otdlir in AYexford and neighlnuiring (iounties, in the 
vicinity of the granitic dis^rit^ts. There is, in fact, no doubt 
of the very extensive* occurreiKie of this rock, and of the 
inexhaustil)l(‘ source it r)fFers for the supply of this valuable 
material .f(jr porcelain manufacture. 
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JUISll AYS —ANALYSIS— COMPAULSON WITH JAJ'ANESK CJ;AVS 

I N nf)w liriiigin" tlipsci chapters on clays io» y c.lose, the 
writer rcgT(‘ts liis inability /.o give, furtlier information 
regarding the materials existing in Ireland for the nianu- 
facture of ])orc(‘lain, in Avhic.h so V(‘ry snecessful results have 
been aehie.vcd hy the enterprise and taste of th(3 llelleck 
rutt(wy Co., in County Fermanagh. The writer wa% indebted 
t* Mr. Armstrong for inform atiun regarding the fels])ar and 
poreelain clay of that county. ^ 

Judging from the almost entire ahsence of Irish localities for 
it, in minei’alogical works, the common orthoclase felsi)ar, which 
has now to ho brought all the way from Norway for our jmree* 
lain manufacturers, is of rare occurrence in Ireland. Bristow, 
for instance, gives only the single locality of Slieve Corra, 
Mouriu'. ^fountains, for it, and there apparently it occur.^only 
in crystals, and not in the massive form; although the de- 
composed masses of gi-anite in these mountains, which were 
referred to as yielding china clay, are doubtless derived from 
its felspathic constituent, and that may probably he orthoclase. 
As shown, however, in the last chapter, from Kinaglian, 
Ireland possesses numerous dykes of petrosilcx, ^f identical 
composition to the one near Westport, /Jounty Mayo, men- 
tioned by him as having hy decomposition l^een changed into 
a dyke of china clay ; and it has also numerous other varieties 
of felsitcs of similar comiiosition. 

The oflicers of the Gefilogjeal purvey do not,* as a rule, 
apparejiitly consider it part their* duty to point out suck 
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rocks ill Ireland as njiglit fflrnisli mateipls for tekclinical ])ur- 
jjpsos, but Juk<‘s, in bis Manual of quote's analyses of 

])etrosilcx by Dui-ocIkm*, Uie ine^ji of whirl) is ns fnhows : — 


Silica . . rrno 

Almiiiiia- . . IT) ‘00 

Potash . . . . * y-lO 

Soda rijO 

Lime . . . * 0‘80 

• Magnesia 1‘10 

Oxides of iron :iwd n)ai)ganc?e 2‘30 

Loss . . . • . . . • . . . I’OO 


100-00 

Now this bears so remarkable a resciuhljmce' to the mineral 
which Dr. d. JloHinan, in Iiis dcseription of the porcelain 
•quarries of Japan, d('S(;ribes as white and hard as rock, and 
which th(3 Ja})aiiese, be sjiys, break with hammers and pulverise 
ill mills as an ingredient of their porcelain, that, for conveni- 
ence of contrasting tlwin, it may be as well to repeat hm’c 
Malagetti’s analysis of it, quoted by Janvier, and given in u 
former article, viz. : — 

Sffica 75*09 

iiiiia 20*00 

sh^ 3-05 

.... 0*06 


98*20 

The writ(jr will not presume to say whether this mineral is 
th# kaolin or the petuntze of the Chinese and Japanese f)or(!e-* 
lain manufacturers, l?u^ it is undoubtedly one of Ijic two ; and 

* S/udeid's Manual oj OcMoffif, hy J. lleete Juke.s, M.A., P.R.S., 
Local Director of the Geological Siirvov of Irolaml. Edinhiirgh : A. k G. 
Black, 1862.* , , * 

•“Another analyses gives 18*00, >^iich makes the resciublauip to the 
Japanese mineral still closer. * 
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wliiclievo.r of the tw(i jt is, it is not*got, our china clay, from 
a (lecouiposod rock, })ut is reduced from a hard siliceous rock 
to a fiiK* powder, for an inj^rciliimt of j>orcelain, by the processes 
just Tcfern'd to, and wliich, as juT.viously uieiitioiied, arc also 
th(‘ processes hy wljjc.h the liard luim'ral “,Y(‘on-ko” is prepared 
hy tlie GiiiiU'se for their porcelaiTi bodies. 

In closing yiese chapters on porc<dain clays, I beg leave to 
state luy belief that the eiiterpnsiug porcelain ipaimfacturers 
of England would do well to direct their attcmtioii to tlie 
jtetrosilex and other highly silic(‘ous fc'lsites of Ireland, iife 
the purpose of still further rivalling, if not excelling, the 
best porcelain bodi(‘s of the Japanese, who are at jwesent 
unrivalled in the higher productions of their art. 

^Tliose chapbTs being limited to clays as potting materials, the 
writer considers it uniuuiessary to dt‘serib(i the various uses to 
which pott('ry clays, and csjK;cially china clays, arc now so* 
extensively used in numerous other nvaniifaciturc's and manu- 
facturing pro(;(;sses, and there is the l(‘ss need for his doing so, 
as this information is given in numerous cyclopaHlias. It is 
certiiinly a subject of very great and increasing interest, as the 
varied ai)plications of these clays to technical purposes are 
constantly expandingf and likely to Ik; indefinitely increas'd. 

The opinion of the mineral and metallic wealtli of Ireland, 
expressed by me mi p. 112, may doubtless appear to some 
readers an exaggerated one; bu{ while I purjiDsely state my 
opinion strongly, in the Jiope of direiding the attention of my 
readers to that ]mrt of the United Kingdom, 1 havi^^not done so 
‘witlufut good grounds. In a list, published in Dublin for HM. 
Stationery Office in J854, of localities in'j5 counties of Ireland, 
in which mines and inetalliferous indications and minerals 
had been discovered previous to that date (now thirty years 
ago), there are no fewer ttlmn 238 localities for* lead — *in 
numcrojis cases rich in silver*; 20*9* for copper, one having 
native* copper ; 3^ for zinc ; 37 fof cla^ ironstone, and other 
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iron ores,- iiKiludinj; ' lii'inaHitii ; 11 for silver and anrif(‘ToiiB 
silver ores; 5 in ^vliieh gold (Lmnerfy very abundant in 
Ireland) is found, and 2 .of auilferous gossilns ; 7 for antiuiony ; 
3 for tin ; 1 for bisniutlj ; 1 for arsenic ; 2 for eo^alt ; 1 1 for 
iiiangan('S(‘, ; 8 for sidjibate ftf barytes; b for iuundi(5S, and 30 
for sul[>luir ores — ?i list wliiell could now l*e greatly extended, 
apart altoge.tber from its deposits of rock salt, gy])suin, soap*^ 
stone, bog ii^n ores, now so*extensiveiy used for the purificar 
ti#n of gas,* and valuable liim.*stones and marbles, slates, granite, 
find other buildiifg stones, and its exbaisive beds of pipe and 
ediina clays, lire clays* and coal. There is an abinnlance of 
corroborative testimony as to tliese, to be had by those who 
will tidvc the troubh' to inquire ; and there can b(* no doubt 
entertained, by those who do so thoroughly, that security for 
the investment (jf that eajutal, which is now almost becomfng 
a drug in Ltnubard Street and the City, is all that is wanting 
to develop thes(*- abundant meUdliferous mineral deposits of 
Ireland, ami th(‘reby revolutionise the condition (»f that country, 
by lU'oviding remuneimtivc emj)loyment for thousands and tens 
of thousands of its at i)resent lialf-sfarved and pauperised 
population, 
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f!o^rpo,s^rr()^^ — occuniuc'kcK— a xa uyskk 

C lITXA f^tono, <»r, as it is sometimes nailed, Cornish slone, 
from its being ohlainod from Corinvall, and there only 
in th(i United Kingd<im, is ii granitin rock, chieily e()niiu)S(Ml of 
whiter or pale brown qnartz ainl whitn f(‘ls})ar, with oeiiiisionally 
a little light 3^cllowish or greenish (jilherfife and also Hakes of 
lepidoUfe, a white lithia niiea — rndther of whicdi, if only in 
very small (iuantiti(‘s, injure the eeonomie value of the stone; 
but when it (iontains any larger quantity -if either, or of brown 
or blae.k scdiorl, it is useless for potting puri)oses. It is osson- 
tially a quartzose ftdspathic rock— -the quartz, however, being 
much in exe-css of the •felspar, ami the latter often in a ihoro 
or less decoinposed condition. The best (lualities of the stone 
contain fluorine, which greatly increascis its fusibility, <ind that 
of St. Ste])hen's, which contains d considtu-ablc proportion of 
it, is in consequence much preferred by piAters. The felspar 
of tlie stone is chiefly orthodase, (potash felspar) \yth a little 
(dbitc (ftoda felspar). • 

China stoii^ varies much in hardnes’s, and, while its 
constituent felsp:irs are usually more or less Mecomiwsed by 
atmospheric and other agencies in the “ stone ” siipidied to the 
potteries, its liarder varietiejj ire pretty durable, arid, being 
easily wrought, they arc mucli tlsed 'kcally for building pur-^ 

poses, especialjy in the St. Stephen’s district, where it is 
^ 120 • 
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chiefly worked, find has* long been largely employed for huild- 
iiig purposes, not only , lor dwclling-honses,'and farin-st(‘,adings, 
elf., but also for fliurches^ — ihejflhie towerfi of St. Steplien’s 
•and Prohus (flini-f.hes may he filed as exaiii[)les of i4.s>adapla- 
liility and dnrahility 'for pul)li«; huilding-s; ami in tlie neigli- 
honring dislriels it 'largely ived and knoi> ii hy the name 
d7 “St. Stephen’s stone.” 

In CoTinvall the china stoix' i.s produced hy' the partifil 
docompositioi? of yefjmafile^ hy atmospheric influences, and that 
of jJfydro-fluoric acid, which nevfu' absent and is generally 
derived from lepvlolilc a/id other fluorine minenils. PrfjmaiHe 
is a binary granite, e.omposed chiefly of (juartz and felspar with 
more or less fluorine — the felspar lying impficted in the quartz, 
cas crystfik^’or otherwi.se, fis in a matrix, with more or less of the 
silvery white mica — and often ]»assing into yraphic grajiitc 
Some writers, however, fleseaihc the “ stone ” as being produced 
hy the decomposition of protixjinc (Gr. proioSj first, and 
(jmnnai, 1 am formed, and so mimiHl und(‘r the erroneous idea 
of its being the Jirst-Jo?;mc(J of all the griinites), the French 
term for tfilcosc granite, composed of quartz, felspar, and talc; 
hut Collins says, in his monograph,^ “ All the old writers .speak 
of talviose granite, or protvyhiey as heij\g abundant in the 
•decomposed granite districts of Cornwall and else.where. AVhat 
there may be clscwluire, I am not able to say, but there is 
certainly nothing of the kind ait present known in Cornwall”; 
and as from his intimate knowledge of that county, and his 
special study of its granitic rocks, he is a most i*eliahlc authority 
on the question, the latter opinion of the source of Cevnish 
stone may be dismisslSd from consideration. 

China stone is how generally considered to be ifte.ntical with 
the Chinese pefuntze. That name, however, is a singularly un- 
fortunate one, its literal meaning being “ little white brick ” 

} TJut Hmshai'row Gravili.^hldridj hy J. H. Collins, 'F.O.S. Lako 
^ Lake, Traro, 1878, 
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while, to, brick or blocTv, little), aiu^ the other or 

infusible ihgredieiilfof their porcelain filing also made uj) intf) 
similar white hrie.ks. • 

This •infusible ingredient, similar in character hut (»f a* 
diHereiit origin to our china flay, or Wiolin, being obtained 
eith(‘r from the* natural decegn position, *or by the cum[)leUj 
artiiiciiil jmlverisation by stamps, of ;i variety of /W/yW/cz, 
very hard, fompact, silice«ms /elspar, ealle^l by the ('hiiu'se 
caulin [liao-liuf/ — Chinese for hitjh rhhj*), fi'om*a high gdge 
where it was lirst discovenid, aift! from wlych it was conveyed 
(till some centuries ago, when the rofk there was. exhausted) 
for the supjdy of the numerous }>otteri(‘S of King-te-chin in 
the form also of small bricks. Tliesc bricks may ])robably 
have some distinguishing mark or shinij) ini pressed upon 
^hem, but whether so or not, the similarity of their appearance 
lias doubtless something to do with the confusion, causefl 
by travellers or writers having repeatedly confounded the 
one with the other. Th(‘ two terms, however, k(oUn, for 
porcelain or cliina clay, and jietunfz^ fi>r cdiina stone, have 
now defmiUdy been adoplbd in the JuTamic nomenclature of 
Europe. 

It may be as avj^II to mention here, in passing, 4hat a 
similar ])etro-silic(?ous rock occurs abundantly in Ireland, in» 
the form of irmptivc dykes, wliieli are in some locayties found 
decomposed by atmosplieric agtncy, in stfii, into the linest 
china clay. h]ven wdiere they are not so deiiomposed, they 
could furnisb, by tlie use of stainjis or grinding mills, an 
unliij^ited snjiply of the linest porcelain clay, and will douhUess 
do so when capital (tm safely be invj'sfceft in that unfortunate 
country. 

Janvier says that the “Chinese and Japanese porcelains are 
alike composed of a fusible an^ transparent, and an opaque and 
infusible, substance — the former, a^qiiartzose felspathic rool', 
calcine^ to deprive it of its \^atea of crystallisation, and then 
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reduced to a line powder, ij? t'de 'petnnize\ the latter, the 
liaolin — 

“Grind with .inns, ]>oiuriou.s elicit lichvixt, 

The soft with /•tfunf'j' mixed.” * * 

* 4 

As the coiupositioii the' latter rotik, or chiiia stone, varies 
(xuisiderably, it is advisable for tlie mamifaeturers of iibrcelaiii 
to ascertain, by an anidysis of pach lot, in wliat [woportioii the 
ingi;edieritB sfcahd to each other. The Chinese use a flux with 
it,, which they ('.all/CnV,” and» which is a thin jiaste of lime and 
potash, the latter ])rine,i]\iilly obtained from the burnt fronds of 
ferns. 

Collins, in his monograph already quoted, gives the under- 
nottid aiKilyses of eliina stone, Nos. 1 and 2 being the mean of 
two analyses of (‘ach samplti, viz. : - , 



No. 1. 

No. 2. 

No, 3. 

Silica 

. 73-39 

09-7)0 

71-00 

Alumina .... 

. IG-oO 

17-8.5 

18-79 

Potash, with a little sqida . 

7*GG 

7-98 

0-00 

Fluorine .... 

. *0-71 

0-71 

0-11 

Lime 

o-r.o 

2-00 

1-70 

Mj^gnesia .... 

0-31 

0-12 

0-35 

Iron, only a trace 


— 

— 

Water and loss . 

1-2.5 

1-30 

0-91 


100 -ah 

0 

0 

100-1.5 


Collins, who, in his monograph, proposed the name of 
cai’claziie !i5 a specilic name for the china clay of Cornwall, 
says therein, “ Such jui imjiortaiit rock as china stone ought 
also to have a sprcilic name,” and proposed that 'of peiuntzitBy 
— and it is certainly desirable that both these names should be 
brought ijiito use for general, or at least scientific, purposes. 
Owing to its large proportion, of Silica and potash with other 
alkaline ingredients, chiqa stDne is invaluable as fluxing 
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luateviiil, nnJ is gpiicmlly utoI jn tlie'poticnes i;i the mann 
facture brtth of eift'tbejiware an<l pnrifjliiin, lieiiig iiiixoii, in 
earyiiig proportions, after reduecl by grinding in witer 
lo a liiKtaiip, with tln)se of life clays* an.I flint, wbicli constitute, 
die various bodies of lliese nianwfactures. • 




6,1 1 A refill XYii 

CHINA STOXK — DISCOVERY AND USES 

Q(fMK obscurity still exists as to tlic Tclations between china 
stone {]>etnHt):ito) and the cliina clay granite {car- 
cla::Uf')j although it is asserted liy some writers, and indeed is 
generally assumed, that they are both produeds of one s[>e(ues 
of granitc^rock, dill’ering only in the stage of d(*com])osition in 
which they are found. Pcfnnt::iic being that granite so. litth; 
affected by atmospheric and other agencies of deiJom position 
as to remain hanl, compact, and durable, in which state 

— as mentioned in the jirevious part of the last chapter 

— it is largely employed as a building stone ; and even 
wliere occurring so mu41i decomiiospd as to be easily broken 
down, when being quarried for exjiort to tlui ]>otteries, 
still retaining more or less of the alkaline ingredients of its 
constituent felspars, to which it owes Tts special value for 

*einj)loyment in the manufacture of earthenware and porcelain. 
Then, wliHii these felspars are thoroughly decomposed, the 
rains wash out the greater portion of their soluble alkalies, 
which arc carried off to enrich the soil of the underlying 
valleys, leaving in situ the more or loss pure silie.ate of alumina, 
whtch constitutes the china clay of Cornwall. This, whether ’ 
occurring as a deposit ih situ, or washtHl ilown amhre-deposited 
in lower hollows of tin? granite rangi^, is mixed with more or 
less of the quartz, mica, schorl, etc. (originally e.ontained in the 
undecompflsed granite), from which >it is subsequently freed by 
ai<jificial water action in* its preparation for potting, qnd the 
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various oilier manufaeturiif^ processes^ for whfcli it is now s( 
liirgely cniploycd. ^ ^ 

While, however, as above mentioned,* it is generally assumed 
that both tile e.hina stone ^.ul clay are the products of th(i 
same species of granite, there are some ^phenomena eoimcctcd* 
with the occurrence of the fornv?r in ^various places, such as 
St. Stephen’s, ?^t. Dennis, Si. Austtdl, and others in the 
Ilensbarrow granite district of Cornwall, which seem to 
indicate some specific dificrence between them. In the above 
district the china stone occurs in irregular patches, bands,* and 
dykes in the granite, and, unlike tlie can^imiie^ or china flay 
rock, it does not aj)pear to be necessarily connec,ied with veins 
of schorl and other materials which arc more or less largely 
characteristic of the latter; and as regards decomposition, it 
aj)pears to occupy an intermediate ]>ositioii between it, on the 
one hand, and the hard, unaltered granite on the other. AVhile 
vardazihi also occasionally pas.ses into pefunidh in depth, and 
more frequently in horizontal extension — and Collins states his 
belief that the latter is never found unc.onnccted with the 
former — yet there arc instances where, as for example at 
Little Ti'eviscoe, in the parish of St. Stephen’s, the china 
stone is found above an underlying mass of carclazitcj and 
were there not sonf3 specific dillerence in the composftion of 
their constituent fel.spar.s, it is dilficult to understand how the* 
latter could have been decomposed, while the former remained 
unaltered or undccompo.sed— hofh being subjected to the same 
decomposing agencic.s, and which naturally and generally 
de(;ompose the overlying masses first. Agaip, sometimes 
• cryjAalline masses arc found enclosed in the china sthne, 
having tbe^ aj)j)earance and composition f»f yellow mica, and 
yet the figui*os of these ma.sses are those o^ a triclinic felspar, 
not found associated with the earclante. Occasionally, too, 
crystals of undoc, omposed,oi% partially decomposed* felspars of 
dilForent specie-s occur in the *‘^Hone.i’ Seen at a little distaitfe, 
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there is .little AifTeronce in the {ijfpoarance of pefuntzUe. and 
rarclazitf.^ and in I’n lessor ^Sedgwick’s ^description of the 
district where they cltiefly occur, ^ it is evident that he mis- 
understood what lie saw, arjd con\unded tlic two ; for^ speaking 
*of the decoTn])os('d granite, he saj's : “ On a near examination it 
is found soft enough^ (ip he ouf with a spade^ ami it is in that 
state packed up and exported the potteries. In other pits 
on the same moor ilu' rock is broken down by mechanical force, 

• and a running; stPc'am of water is made to pass through the 
fragjinoiits, tfie beautiful white china clay resulting from this 
process.” Collins, Tn his monogra])h already quoted, says that 
Dr. EittoUj'who visited Cornwall in 18 M, observed the facts 
somewhat m<u‘(? accurately than Professor Sedgwick, for he 
observed that most china clay works there hail a stone quarry, 
and the stone” is often .so hard as to re((iiirc wedging or 
blasting in quarrying it, the hardest being generally preferretl 
as easiest for conveyance.- If it is taken a fathom or so from 
the surface, where it is quite solid, it is stained with an 
abundance of greenish spots— jirobably of lluor sjiar — a peculi- 
arity which was noted «n the Chinese pvtnnLe liy the Jesuit 
Father d’Entrccolles, who, when writing on Chinese. ])otting 
materials in 1712, state<l that such stones as had most of these 
groenlSh spots were the most projicr for t#ic preparation of the 
glaze ; and Mr. Worth, in a paper on “ William Cookworthy and 
the Plymowth China Factory,” ^ says : “ 1 believe this remark is 
just, as I know that such stoflcs arc tlie most easily vitriable, 
and that a vein of it in Trcgimning Hill, in the parish of 
Gennoe, is .s^ much so, that it makes an exe.ellent glaze without 
any addition of vitrescent ingreilienK” 

The discovery o^ thina stone in England, ^ind its first 
employment for potting purposes there, is universally credited 

^ Vide Cambridge r/iilasojthical T mmncJhns, vol. i. pp. 401-5. 

^ Vide Annals 0 / Philosophy, 18f4, #ol. hi, p. 181. 

* Transactions of the Dc^Snshifa Association, July 1876. 
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to Mr. William CookworUhy, a member of tlie Society of 
Prieiuls. 

Tie was bom in T\iiif^sbri<lgc, in SoiiLb Devon, on I2tb Aj)ril 
' 1705, and esiablisbcd a potti;’ / at riymoutb in in which 
he miiat at first have made only common earthenware, or other-* 
wise have imported china clay, from the Continent. lie 
aiipenr^' to have commene,ed a scan^h for poreclain clay and 
china stone in En^dand, in 1745, in consequence of his atten- 
tion haviii" been directed to tnese materials by an American, 
wlio submitted to him specimens of lK)tli which had been frtund 
in Virginia, and also of ])()rcolain made frbm them. Aftdl’ a 
long perstuial search for similar materials, during which he 
rode over large trae-ls of Devonshire and (Cornwall, his perse- 
verance was rewarded by their discovery in the latter county. 
It has l)e(Mi said that Cookworthy lirsi diseovc'red itehuildie in 
Ihe stoiK'-s of the tower of »St. Columb’s Church, which was 
built of the “stone” from St. Stephen's, ami that he identified 
it as similar to that shown to him by the American. Ilis own 
account of it is, however, given in a letter of date 30th May 
1745, quoted by Mr. Worth, in wlucli he mentions having 
seen the specimens brought by an American from Virginia, and 
which ho considered identical with tlie Chinese iiorcelain 
materials, spciciimuis of which had been brought t(* Eiffopo in 
1712. He stated that “he first discovered tlie china stone' 
in Tregonning Hill,” and described it as “composed of small 
pellucid gravel (quartz) and a whitish material, which indeed 
is cauUn (kaolin) petrified (evidently the partially-decomposed 
felspar), and as the rafiUii of Tregonning Hill hath abundance 
t of mica in it, this stone hath it also.” Then he goes oit to 
describe the, greenish spots in it, and it, vitrescent qualities, as 
already mentioned above. Hd further mentions having chiefly 
employed the “stone” from Tregonning Hill in his fswitory, 
but that ho had lately disc(jvc^ed that in the neighbDurhood! of 

St Stephen's in Cornwall there w'ere immense quantitios^f 

c 
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Doin m^caiain, ana t\ic which he believed miglit he 

more comniodiously oTid advantageously , wrought, than those 
o£ Tregonning Hill, mid by experiments he liatl made with 
them, he found “they prodtil'<id a much whiter lx wly, and 
do not shrink by far so much in baking, nor tate stains 
so readily by the Uw\” “The parish of 8t. l)(‘nnis, too,” he 
believed, “(jontaiued both these materials in identy.” “I 
knoiv,” he adds, “two quarries of the ‘stone,’ one just above 
St. Stephen’iu (Church Town), the other, called Caluggas, 
sothewhat more than a niih; from it, appears to have tlic finer 
‘ stone.’ ” 

111 the sppcilication.s for a patent for the employment of the 
china stone and (day in the manufacture of jKucelain, by 
Co(»kwor(hy, granted in IThh, and renewed in 1768 , he claims 
the discovery of both in England, as liis own, and calls the 
^stono tjroiran and vioor-sfonf'j and the clay gmcan-clay. 

The' china stone requires but little preparation for market. 
The overburden is I'emoved, and the stone roughly quarried, 
and where the rock is traversed by numerous joint-s, which it 
geii(.*rally is, this is easily elfccicd and usually williout blasting, 
which is, however, sometimes necessary. "N'ery few of tlie pits 
or quarries are worked to any grciat depth, seldom more than 
10 ^ 12 fathoms, as tlie upper ston« is worked at much 
less co.st than the underlying, and few of the pits have any 
facilities 4 or deep drainage by adit levels. The joints of the 
“stone” are usually discoloured by green vegetable stains, 
brown ones, duo to oxide of iron, or black ones, duo to oxide 
of manganese. The stones are dressed by chi[)ping with an 
al^G, by which they are freed from most of these stains, '-^nd ia 
the large potterigs (or ^11 the flint mills wliich suijiily it ground, 
in the liquid or dried state, to the smaller factories), it is finely 
ground in water to the consistency of cream, and mix(’d in due 
proporticJhs with the flint and aclajr slips for the various bodies 
Iw which it is now so gaferalfy employed. 
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Fnun the following anafysis ^of 

r t J l.« If ll-|fUtAlVJKT 

porcelain stone — j 


kSilicii . 

. 80*672 

Ahnajiri . . . . ' ... 

. 16*174 

Sodii , ... 

1 *799 

Potash . . : 

*.069 

J^Iugaosia 

•102 

Ferrous ovide 

•684 

Maiigaiiose 

trace 

. — — , 
100-000 ^ 


r 

it will 1 k! nolicod, ]»y a com)»arisnii of it with the analyses of 
china stone, that while it lias a larger jicrcjcnlage of silica, it 
is deficient in the alkalies, having of soda and jiotash 

coirihined, whereas the average of these in IIk; three analyses 
tiiere given is 7‘I13. This is doubtless the reasiui why the 
Oriental porcelain manufacturers have to add ii flux ('if lime 
and p(ttash to their ground pdnnldlv^ ns iiienlioned in the 
former part of this chapter. 

It may lie mentioned tliat while only 10 jicr ('ont. or so of 
the china clay of Cornwall is exported for em[)loynient in 
potting, the whole of the china stone exported is solely for 
that purpose. * 


niJ? END 
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AVoodward’s Geology of JSttgland, 
28. 


MORKISUN A.vi) Oinf IimiT|t), KUINKrUGIl 




(Plaints, Colours, Pigments and 
Printing Inks.) 

THE CHEMISTHY OF PIGMENTS. l?y Ernhst 
Parky, B.Sc. (Lond.), F.l.C.., F.C.S., and J. H. Cosn:. F.I.C., 
F.C.S. Demy Svo. Five Illustrations. 285 pp. Price 10s. (Sd. 
net. (Post frec,*^ l.s. home : 11s. 2d. abroad.) 

to ,1 ^ 

THE MANUFACTURE OF PAINT. A Practical 

Handbook for Paint .Manufacturers, .Mercha/its and Painter.s. 
By J. CRUiCKs*-?A.\k Smith, B.Sc. Second Kdition, Kctisoil aiul 
Enlarjfcd. DemySvo. 288 pp. 80 Illustrations. Price I Os. bd 
net. (l^)st free, 1 Is. home ; 11s. 2d. abroad.) 

dictionar:? or chemicals and raw 

PRODUuTS USED IN THE MANUFACTURE 
OF PAINTS COLOURS, VARNISHES AND 
ALLIED PREPARATIONS. By (iRORGK H. Hurst, 

F.C.'S. Demy 8vo, 870 pp. Second RcMsed lulition. Pi ^ce 
lOs, bd. net. (I'ost free, 11s. home , 11s 2d. abroad.) 

THE* MANUFACTURE OF LAKE PIGMENTS 
PROM ARTIFICIAL COLOURS. By Francis H. 
Jr.NNi,soN, F.l.C., I'.C.S. Sixteen Coloured Plates, showing 
Specimens of Eighty-nine Colours, specially prepared from 
tlif ^ipes given ip the Book.^ 1 8b pp. Demy 8vo. Price 
7s. e {t. (Post free, 8s. home ; 8s. 2d. .ibroad.) 

THR MANUFACTURE OP MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manu- 
facture of all Artificial, Artists and Painters’ Colours, Enamel, 
Soot and Metallic Pigments. A text-book for Manufacturers, 
.Mercht^nts, Artists and Painters. By Dr. Joskf Bersch! 
Translated by A. C. Wright, M.A. {0.xon.), B.Sc, (Lond.). Forty- 
' three Illustration.s. 47b pp. Demy 8vo. Price 12s. bd. net. 

, (Post free, 13s. home; 13s. (xl. abroad.) 

RECIPES THE COLOUR, PAINT, VARNISH, 
• OIL, SOAP AND DRYSALTERY TRADES. 

Compiled by Aia Analytical Che.mist. 330 pp, Second Revised 
and Enlarged Edition. Demy 8vo. Price 10s. 6d. net. (Post 
fre-*, 11s. home ; 1 Is. 2d. abroad.) 

OIL COLOURS AND jPRINTERS’ INKS. By Louis 

*vEdcar Andks. Translfited from the German. 215 pp. Crown 
.8vo. 56 Illustrations. H’ice .Ss.net. (Post free, 5s. 4d. home 
and abroad.) < 
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.the" TEEPHNG and valuation OFt RAW 

' MATERIALS USED IN PAINT AND COLOUR 
MALOTACTURE. Bv .M. W. Jones, RC.S. A 

Book for the Laboftitoriesof Colour Works, 88 pp. Crown 8vo. 
Price 5s. net. (Po;^t frec^^s. 4d. home and abroad) 

THE MANUFACTURK AND COMPARATIVE 
MERITS OP WHITE ^EAD AND ZINC WHITE 
PAINTS, l^’ G. Phtit, Civil Enj*inei'r, etc. Trans- 
lated from the -l^rench. « (Jrown Svo. lOU pp. l^ijice 4s, net, 
(Post free, 4s. 4(1. home and^ibroad.) * 

PREPARATION AND USES OP WHITE ZINC 
PAINTS, • T ranslated from the P'rencli of P. I-lklky. 

Ci'owiif5vo. pages. Price 8s. net (Post free, 8s. 5d. home ; 
8s. 8d. ahrcKulJ 

(Varnishes and Drying: Oils.) 

THE .MANUFACTURE OP VARNISHES AND 
KINDRED INDUSTRIES. By J. Ghddi-s 

Second, greativ enlarged, h'nglish lidition, in three Volumes, 
based on and including the work of .Aeh. l,i\ache. 

VoiAiMii J. OIL CRUSHING, REPINING AND 
BOILING, THE MANUFACTURE OP LINO- 
LEUM, PRmTING .AND LITHOGRAPHIC 
INKS, AND INDIA-RUBBER SUBSTITUTES. 

Demy Svo. {Nrfiscu ICditiou in f'rr/iiratitni. 

Voi.uMR II.— VARNISH MATEIPIALS AND OIL- 
VARNISHMAKING. Demy Svo. 70 Illustrations. 

220 pp. Price UK, 8.1. net. (Post free. IN. ho ne and abro.ul.) 

Voi.u.Mi: I II. -SPIRIT VARNISHES AND SPIRIT 
VARNISH MATERIALS Demj 8vo. Illustrated. 

484 pp. IVice 12s 8d. net. (Post free, KK. home; l.Ss. 2d. 
abroad.) 

DRYING 0IL9s BOILED OIL AND SOLIl5 AND 
LIQUID DRlSiRS. By L. B. ANDiis. Bxpressly 

Written for thi.s Series of Spee..il Technical Books, and the 
Publishers hold the Copyright lor English and Foreign Editions. 
€eeontl Bevi.sed Edition. Foity-thrcc Illustrations. 352 pp. 
bcrUy Svo. Price 12s. 8d. net. .(Post free, 13s. home; 13s. 2d. 
abroad.) 


(Aiialjisis or Ri'sinSf set- paf>c 9.) 
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(Oils, -Fats, Waxes, Greases, Petroleum.) 

LUBBICATING OILS. FATS AND GREASES: 

Their Origin, Preparation, Propu'ties, Uses and Analyses. A 
Handbook for Oil Manufacturers, RcHnoi.s and Merchants, and 
^ the Oil and Fat Industry in General. By Guokgk H. Hurst, 
F.C.S. Third Revised and F.ilarged Hdition. Seventy-four 
lllustrat‘f ns. 1184 pp. l>emy‘^8vo. IVice lOs. fid. net. (Post 
free, 11s. home ; 11s. 2 I. abroad. » 

MlNERAli WA3^ES: 'I'heir Prcpariitioit and Uses. By 
„ Rudoli' Grkgorius. Translated from the German. Crown Svo. 
2,50 pp. 82 Illustrations. Price fis. net. (Post free, fis. ,5d. 
home ; fis. fid. abroad.) 

THE PRACTICAL COMPOUNDING Or' OILS, 
TALLOW AND GREASE FOE LUBRICA 
TION, ETC. By An RxiMnn- Gjl Rh. inhin*. Second 

Edition. Demy Svo. 100 pp. Price 7.s. fid. net. (Post free, 
7s. lOd. home ; Ss. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

RlcnAUD BkcnM'.r. Tr.mslatcd from the Si.\th German Edition. 
Second Engli.sh Edition. Crown Svo. ISS pp. 10 Illustration>. 
Price 7s. fid. not. (Post free. Ss. home and abroad.) 

THE OIL MERCHANTS’ MANUAL AND OIL 
TRADE READY RECKONER. Compiled by 

Frank 1-'. Suhruifi’. Second Edition Revised and Enlarged. 
Demy Svo. 214 pp. With Two Sheets of Tables. Price 7s. fid. 
net. (Post free, Ss. hetne ; Ss. 2d. abro.ul.) 

ANIMAL FATS AND OILS: Their Ih’actical Pro- 
duction, Purification'and Uses for a great Variety of Purposes. 
Their Properties, Falsification and Examination. Translated 
from the (German of Louis Eimjar Andi.s. Si.\ty-two Illustrations. 
240 pp. Second Edition, Revised and Enlarged. Demy Svo. 
Price 10s. fid. net. (Post free, 11 s. home and abroad.) ^ 

VEGETABLE FATS AND OILS: Their Practical 

Preparation, Purification and Employment for Various Purposes, 

, their Properties, Adulteration and Examination. "Translated 
from the German of Louis Edgar Andj:s;- Ninety-four Ulus* 
tratiois. 840 pp. Second Edition, Demy Svo. Price 10s. fid. 
net, (Post flee, 11s. home; 11 s. 2d. abroad.) ‘ 

EDIBLE FATS AND OILS : Their Composition, Manu- 
facture and Analysis. By W. H. Simmons, B.Sc. (Logd.)*and* 
C. A. Mitciiull, B.A. (Oxon.;. Demy 8vo. 150 pp. Price 
7s. fid. net. (Post free, 78. lOd. home and abroad.) 

For coftienis of these hooks^ sec fist 1. 



7 


(Qlycerine.) 

GL’S'CeIuNE : Its Produc;tk)n, Uses, and Examination. 
By S. W. Koppr,. TraiisJ:ited from the Second German Bdititni. 
2H0 pp. 7 Illustrations. Crown 8v(», f^rice 7s. ftd. net. (Post 
free, 8s. home aiu^ abroad.) 


(Essential (]ils and Perfumes.) 

THE CHEMISTRY OP ESSENTIAL OILS AND 
ARTIFICIAL PERFUMES. By I-knest J. Pakhv, 

B.Sc. (lamut), F.I.C , I'.C.S. Second lildition, Rcvi.sed and 
Enlar^fcd. S52 pp. 20 Illustrations. Demy 8vo. Price 12s. fid. 
net. (Post fr^'c, 18s. Id.tiomc ; 18s. Sd. abroad.) 


(Soap Manufacture.) 

• 

SOAPS. A Practical Manual ol tlic Manul’actuiv^ of 
Domestic, Toilet and other Soaps. By Geokoi H. HuKsr, F.C.S. 
2nd edition. 8% pp. (SB Illustrations. Demy Svo. Price 12s. 6d. 
net. (Post free, 18s. home; 18s. 2d. abroad.) 

TEXTILE SOAPS AND OILS. Handbook on the 

Preparatioti, I’ropcrtics and Analysis of the Soaps and Oils used 
in Textile ManufAturinj*, Dyeing and Printing. By Gkoroe 
H. Hurst, F.C.S. Sceond Edition, Revised and partly re 
written by W. H. Simmoxs, B.Sc. (Cond.). Demy Svo. 200 pp. 
11 Illustrations. Price 7s. fid. net. (Post free, 8s. home and 
abroad.) 

THE HANDBOOK OF SOAP MANUFACTURE. 

By ^M. H. SiM.MoNS, B?fec. (Lond.), F.C.S., and H. A. Appleton, 
Demy Svo. IfiO pp 27 Illustrations. Price 8s. fid. net. (Post 
free, V)s. home and abroad.) 


(Cosmetical Preparations.) 

COSMETICS: MANUFACTURE, EMPLOYMENT 
AND TESTING OP ALL COSMETIC 
MATERIALS AND qOSMETIC SPECIALITIES. 

Translated from the^Oermiin ot Dr. Theodor Koller. Crown 
Svo. 2(S2 pp. Price 5s. n(|t. (Post free, 5s. 5d. home : 5s. fid. 
abroad,) 



(Glne, Bone Products and Manures.) . 

GLUE AND GLUE TESTmG. By Samu-x Rideal, 

D.Sc. (Lond.). Second Kditioii, Revised 'ind Knlarged. Demy 
Svo. 19(S np. 14 Illustrations. Price 10s, (id. net. (Rost free, 

1 Is. home and abroad.) ' . 

B®N:g PRODUCTS AND JVLANURES : An Account 

of the i)tpst recent linproven.ents in the Manufacture of Fat,* 
Glue, Animal Charcoal, Si/c, Gelatine and .Manures, By Thomas 
Lamhi.ri’, Technical and C(»nsultmg Chemist Second Revised 
Kdition. '• Demv 172 pages G llliistia ions. Price 7s. Od. 
net. (Post tree, Ss. home and abroad.) 

(Sfc also CIn Hindi Maiiiirt /’. 9.) 

(Chemicals, Waste Products, etc.) 

REISSUH 01- CHEMICAL ^ESSAY& OF C. W.. 
SCHEELE. Hirst l>ublislicd if. English in 1786. 

Translated from the Academy ot Sciences at Stockholm, with 
Additions, 300 pp. Demy Svo. Prue.^s. net. (Post free, .Ss, Od. 
home aiivl abroad.} 

THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OP ALUMINA 
AND IRON, Their Uses and Applications as Mordants 

in Djcing and Calico Printing and their other Applications in 
the Arts, Manulacture.s, Sanitary Kngincering, Agriculture and 
Horticulture, Translated from the French of l^ucn-N Ghsch- 
wiNh. 19s Illustrations. 4{K) pp. Royal Svo. iVicc 12s. Od. 
net. (Post free, 13s. hon\e l|ls. 2d. abro.id.} 

AMMONIA AND ITS COMPOUN'dS : Thi-ir Manu- 

facturc and I’se.s. 1^5' Camii.i.i-, Vinci.m’, Professor at the 
Central School ol Arts and Manul.ictures. Paris. Transla^^jd 
Irom the Frcneh b} .M. J. Sai.'ICW. Royal Svo. 114 pp. Thirty' 
two Illustrations. iVicc .Ss, net. (Post free, 5s. 5d. home; 
5s. Sd. abroad.) 

CHEMICAL WORKS; Their < Design, ErectioJi, and 
Hijuipmcnt. Ii\ S. S. Dvso\ and S. S. Ci.akkson'. Royal Svo. 
22(1 pp. With 9 Folding Plates and SO Illustrations. Price 21 s.« 
net, (Post free, 21s. (id. home; 21s lod. abroad.) 

MANUAL OF CHEMICAL ANALYSIS, as tipplied to 

the Assay of Fuels, Ores, Metals, Alloys. Salts and otKcr Mineral 
* Products. By E. Pkosi, D.Sc. Tran.slated i>y J. Ckuicksmank* 
Smith ^ B.Sc. Royal Svo. 300 pages, 4'J Illustrations. Price 
12s. (id. net. V\)sl free, I3,s. home; 13s. 4d. abrotid.) 

TESTING OP CHEMICAL REAGENTS FOR 
PURITY. Translated from the German of Dr. *0. . 
Kracch. Royal Svo. 350 paggs. ^ Price I2s. (id. net. (Peftt free, 
13s. home ; 13s. 4d. abroad.) ' « - 

f ^ For amtenif of Ikcse books, see List I, 



SHAU! oiiLS AND TARS and their Prodiftts. By 

Dr. ScHKiTHAUEH. Translated from the German. Demy 8vo. 

. 1^ 70 Illustrations 4 Diagrams. Price 8s. 6d. net. 

(Post free, 9s. hoifle and ^road.) 

THE BY-PRODlfCTS OP COAL-GAS MANDPAO- 
TURE. By K. R. Langk. Translated from the G^rnAn. 

Crown 8vo. 104 pages, 18 illustrations. Price6g.net. (Post 
free, 5s. 4d. botpe and abroad.) 

INDUSTRIAL»ALCOH«L. A Practipl Manual on the 

Production and Use of Alcohol for Industrial Purposes and for 
Use as a Heating Agent, as an llluminanl ^nd as a Source of 
Motive Powc#. By J. G. McIntosh. Demy Hvo. 1907. 250 pp. 
With 75*Ill»3strations and 25 Tables. Price 7s. fid. net. (Post 
free, 8l. home and abroad.) 

'THE UTILI^ATIpN OP WASTE PRODUCTS. A 

Treatise on the Rational Utilisation, Recovery and Treatment of 
Waste Products of sill kinds. By Dr. Thkodor Roller. Trans- 
lated from the Second Revised German Edition. Second English 
Revised Edition. Demy 8vo. 886 pp.* 22 Illustrations. Price 
7sffid. net. (Post free, 8s. home; 8s. 2d. abroad.) 

ANALYSIS OP RESINS AND BALSAMS. Trans- 

.latcd from the German of Dr. Karl Di ktkrich. Demy 8vo. 340 
pp. Price 7s. fid. net. (Post free, 8s. home and abroad.) 

DISTILLATION OP RESINS, RESINATE LAKES 
AND PIGMENTS, CARBON PIGMENTS AND 
PIGMENTS POR TYlflEWRITING MACHINES, 
MANIPOLDERS, ETC. liy Victor Schwkizer. 

DemySvo. [.Vr?*' Revised Edition in preparation. 

DISINPECTION AND DISINFECTANTS. By M. 

Christian. Translated from the German. Crown 8vo. 112 
pages. 18 Illustrations. Price 5.s. net. (Post free, 5s. 4d. home 
and tibroad.) 

(Agricultural Chemistry and Manures.) 
JMANUAL OP AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, P.I.C., Late Lecturer on Agricjultural^lhemistry, 
the Leeds •UniversiW ; I.ccturer in the Victoria University. 
Third and Revised iSlition. 400 pp. 16 Illustrations. Demy 
8vo. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

• 

CHEMICAL MANipiE^. •Translated from the French 
' of J. Fritsch. Dcnfy* 8vo. Illustrated. 340 pp. Price 10s. fid. 
net. (Post free, lls.fiome; 11s. 2d. abroad.) 

• (Sm a/y Bone Products and M^nres, f. 8.) 



(Writing inks and Sealing V/axes.) 

INK MANUFACTURE : , Including Writing, 'Copying, 
Lithographic, Marking, Stampinjf and Laundry Inks. By 
Sigmund Lkhnhr. Translated from the German of the Fifth 
Edition. Second Revised and Enlarj,ed English Edition. 

' Cr^wnSvo. 180 pages. Three Illustrations. Pricc5s.net. (Post 
free, 5s. 4d. home and abroad.)**' , 

SEALING-WAXES, WAFERS AND OTHER 
ADHESIVES FOR THE HOUSEHOLD, OFFICE, 
WORKSHOP AND FACTORY. By H. C. Standage. 

Crown 8vo. 96'pp. Price .Ss. net. (Post free, 5s. 5d. home and 
abroad.) 

(Lead Ores and Lead Compounds.) 
LEAD AND ITS COMPOUNDS. .. By Xhos. Lamiikut, 

Technical and Consulting Chemist. Demy Kvo. 220 pp. Forty 
Illustrations. Price 7s. t>d. net. (Post free, 8s. home and abroad.) 

NOTES ON LEAL ORES : Their Distribution and Pro- 
perties. By Jas. Fairie, F.G.S. Crown 8vo. 84 pages.*' Price 
*s. net. (Post free. Is. 4d. home and abroad.) 

{White Lead and Zim White Paints, see />. 5.) 

(Industrial Hygiene.) 

THE RISKS AND DANGERS TO HEALTH OF 
VARIOUS OCCUPATIONS AND THEIR PRE- 
VENTION. By Leonard A. Parky, M.D., B.Sc. 
(Lond.). 196 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home and abroad.) • 

(Industrial Uses of Air, Steam and 
Water.; 

DRYING BY MEANS OF AIR AND STEAM. Bx< 

planations, Formula:, and Tables for Use in Practice. Trans- 
lated from the German of E. Hausbrand. Second Revised 
English Edition. Two folding Diagrams, Thirteen Thtbles, and 
' Two'^lllustrations. Crown 8vo. 76 pp. Pcice Ss. net. (PosL 
free, 5,s. 4d. home and abroad.) 

{See also “ Evaporating, Condensing and Cooling Apf'aratus,'*' p. 18.) 

PURE AIR, OZONE AND WATER. A Practical 

Treatise of their Utilisation and Value in Oil, Grease, Soap, Paint, , 
Glue and other Industries. -By'W. B. Cowell. Twel^ Illus- 
trations. Crown 8vo. 85 pp. Price o**. net. (Post free, Ss. 54 
home; §8. 6d. abroad.) ' • 

. *■ ’■ T 

^ Fit' contf**ts of thue bqoks^ see Li‘4 III* 
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THU INDtrSTBIAL USES OF WATER. CO^POSI- 
■ TION—EPPECTS-TROUBLES— REMEDIES— 
RESfDUARY WATEIJ^— PURIFICATION— AN- 
ALYSIS. By*H. i)|J LA Cou.\. Royal 8vo. Trans- 
lated from the Preach and Revised by AtXHUR Mbaais. 364 pp. 

Illustrations* Price lOs. 6d. net. (Post free, 11s. home; 
11s. Kd. abroad.) 

(.Srr Books on Smokf Prevent lott^ 'Engineering and Metatiurgy, p. i».J 

(X*J^ays.) 

, PRACTICAL X RAY WORK. By Frank T. Addyman, 

UHKA B.Sc. (Lond.), F.I.C., Member of the KoentgeiT Society of I^ndon ; 

• •• • Radiograph^*t() St. Georgias Hospital; Demonstrator of Physics 
and Chemistry, and Teacher of Radiography in St. George’s 
’ HospiAl Medical School. Demy 8vo. ‘Twelve Plates from 
Photographs -lof X Ray Work. Fifty-two Illustrations. 200 pp. 
Price lOs. net. j[Post free, 11s. home; 11s 2d. abroad.) 

(India-Rubber and Gutta Percha.) 

INDIA-RUBBER AND GUTTA ‘PERCHA. Second 

Klfglish Edition, Revised and Enlarged. Based on the French 
work of T. Skeliomann, G. Lamy Torrilhon and H. Falco^net 
by John Gkddes McIntosh. Royal 8vo. 100 Illustrations. 400 
•pages. Price 12s. 6d. net. (Post free, 13s. Id. home; 13s. 8d. 
abroad.) 

(Leather Trades.) 

THE LEATHEI^ WORKER’S MANUAL. Being a 

Compendium of Practical Recipes and Working Formulae for 
Curriers, Bootmakers, Leather Dressers, Blacking Manufac- 
turers, Saddlers, Fancy Leather W’orkers. By H. C. Standage. 
Demy 8vo, 165 pp. Price 7s. 6d. iv't. (Post free, 8s. home 
and abroad.) 

(.SVr also Manufacture of Shoe Polishes, l.eaiher Dressings, etc., p. 6.) 

(Pottery, Bricks, Tiles, Glass, etc.) 

MODERN BRICKMAKING. By Ai.fkf.d B. Searlf., 
Royal 8vo. 440 pages. 260 Illustrations. Price 12s. 6d. net. 
(Post l%cc, 13s. Id. home; 13s. 7d. abroad.) , 

^THE MANUAL OP PRACTICAL POTTINGT. Com- 
piled by Extorts, ^nd Edited by Chas. F. Binns® Fourth Edition, 
Revised and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. 
(Post free, 18s. home ; 18a. 2d. abroad.) 

. POTTERY DECORATING. A Description of all the Pre- 
cedes for Decorating Pottary v'd Porcelain. By R. Hainbach. 
Translated from th# Ucrftian. Crown 8vo. 250 pp. Twenty- 
two Illustrations, ttrice ^s. 6d. net. (Post free, 8s. home 
8.S. 2d. abroad.) 
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A TREATISE ON CERAMIC INDUSTOIES. A 

Complete Manual for Pottery, Tile, and Brick Manufacturers. By 
Emilk Bouhry. a Revised Translation from the tfi'rench', with 
some Critical Notes by Alfred B. SeauLE. Demy 8vo. 308 
Illustratiop.s. 460 p; . Price 12s. ISd. net (Post free, 13s. home; 
13s. (id. abroad.) 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, 

EnamelLJ Terra-cottas, Ordinary and Incrusted Quarries, Stone- 
ware Mosaics, Faiences and Architectural Stoneware. By I.eon 
LF. pftvRE. Translated from the French by K. H. Bird, M.A., 
and W. Moore BiNns. With FIVe Plates. 950 Illustrations in 
the Text, and numerous estimates. 5(K) pp. Royal 8vo. Price 
15s. net. (Post free, 15s. 7d. home; l(is. 4d. abroad.) 

THE ART OP RIVETING GLASS, CHtNA AND 
EARTHENWARE. By J. Howokth. ' Second 

Edition. Paper Cover. Price Is. net. (By pos(., home or abroad, 
Is. 2d.) 

NOTES ON POTTERY CLAYS. The Distribution, 

Properties, Uses and Analyses of Ball Clays, China Clays and 
China Stone. By oAS. Fairie, F.G.S. 132 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 4s. home and abroad.) 

HOW TO ANALYSE CLAY. By H. M. Ashby. Demy 
8vo. 72 pp. 20 Illustrations. Price 3s. 6d. net. (Post free, 
3s. lOd. home and abroad.) 

A Reissue of 

THE HISTORY OP THE STAPPORDSHIRE POT- 
TERIES; AND THE RISE ATSfD PROGRESS 
OP THE MANUFACTURE OP POTTERY AND 
PORCELAIN. With References to Genuine Specimens, 
and Notices of Emine t Potters. By Simeon Shaw. (Originally 
published in 1829.) 2(i5 pp. Demy 8vo. Price 5s. net. (Post 
free, 5s. 6d. home ; 58. lOd. abroad.) 

A Reissue of 

THE CHEMISTRY OP THE SEVERAL NATURAL 
AND ARTIPICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUPACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon 

Shaw.‘ (Origjinally published in 1837.) 750 pp. Royal 8vo. 

Price 10s. net. (Post free, 10s. 7d. home; 11s. Bd. abroad.) 

BRITISH POTTERY MARKS. By G. Woolliscrpft 

Rhead. Demy 8vo. 310 pp. With over Twelve-hundred Illus- 
trations of Marks. Price 7s. 6d nc^. (Post free, 8s. home; 
38. 4d. abroad.) 

Foil conteiBls of then books, see LM 111, 
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(Gla$swai^, Glass Staining and Painting.) 

I^CpES, FOR FLINT GLASS MAKING. By a 

British Glass Master and Mix’cr! Sixty Recipes. Being Leaves 
from the Mixing Bimk of several expcrts^n the Flint Glass Trade, 
containing up-to^latc recipes and valuable information as to 
Crystal, Demi-crystal and Coloured Glass in its many varieties. 
It contains the recipes for cli^ap metal suited to pressinj:;, blow- 
ing, etc., as well as the mo*st costly crystal and r«.by. Second 
Edition. Crowa 8vo. Price 10s. Od. net. (Post free, 10s. lOd. 
home and abro^.) ^ *• 

A TREATISE ON TH^ ART OF GLASS PAINT- 
ING. Prefaced with a Review of Aniiient Glass. By 
Ehnest R. 3»fi-hno. With One Coloured Plate and Thirty- 
seven llkistfations. Demy 8vo. 140 pp. Price 7s. 8d. net. 
(Post Ifcc, 8s. home and abroad.) * 

(Paper Making and Testing.) 

THE PAPER MILL CHEMIST. By Hbnky P. Stevens, 

M.A.. Ph.D., F.I.e. Royal 12mo. (SO Illustrations. 300 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. hjj^nie : 8s. abroad.) 

THE* TREATMENT OP PAPER FOR SPECIAL 
PURPOSES. By L. E. AndSe. Translated from''the 

German. Crown 8vo. 48 Illustrations. 250 pp. Price8s.net. 
‘(Post free, 6s. 5d. home ; 6s. (id. abroad.) 

(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Enamel 

Makers, Workers in Gold and Silver, and Manufacturers of 
Objects of Art, By Paul RandaU. Second and Revised 
Edition. Translated from the German. With 16 Illustrations. 
Demy 8vo. 200 pp. Price 10s. (id. net. (Post free, 11s. home; 
11s, 2d. abroad.) * 

THE ART OF ENAMELLING ON METAL. By 

W. ^ORMAff Brown. Second Edition, Revised. Crown 8vo. 
60 pp. Price 3s. 6d. net. (Post free, 3s. lOd. home and abroad.) 

{Textile Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 

Worsted, Union, and other Cloths). By Robkrts Dkaumo.«t, 
M.Sc., M.I.McOi.^. With 150 Illustrations of Fibres, Yarns 
and Fabricsf, also Sectional and other Dra\v ngs ol Finishing 
Machinery, Demy 8vo. 260 pp. Pnccl0s.6d.net. (Post free, 
11s. home ; 11s. 2d. abroad.) 

* S'fAlf DARD CLOTHS; Structure and Manufacture 
(General, Militar>' and,Nafal).« By Robkrts Bkaumont, M.Sc., 
.M.l.Mcch.E. 342 pfi. Numcrmis lllustru lions. I(i Plates in 
Monochrome and Col(/ur. Demy Svo Pruc I2s. (id, net. (Post 
free, lis. home ; Vis. 4d. abnud.) 
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FIBRES USED IN TEXTILE AND ALLIED IN- ^ 
" DUSTRIES. By C. Ainsvvokth M1TCHF4.L, B.A. 
(Oxon.), F.I.C., and R. M. PpipEAUx, F I.C. Will; H6 lUiistra- 
tions specially drawn direct frrtm the ' Fibres. Demy 8vo. 
200 pp. Price 7s. 6(k net. (Post ffee, Ss^home ; 8s. 2d. abroad.) 

DRESSINGS AND FINISHINGS FOR TEXTILE 
FABRIPS and THE 2 k APPLICATION. De- 

scription of all the Materials used in Dres^ng Textiles : Their 
Special Properties, the preparatiffn of Dressings and their cm- 
ploymenrin Finist»ing Linen, Coltoif, VVoollCri and Silk Fabrics. 
Fireproof and Waterproof Dressings, together with the principal ^ 
machinery employed. Translated from the Third German 
Edition of Friedrich Polleyk Demy 8vt, 280 pp. Sixty- 
Illustrations. Price 7s. fid. net. (Post free, S's. borne ; 8s. 2d. 
abroad.) • * = 

POWER.LOOM WEAVING AND^YARN NUMBER- 
ING, According to Various Systems, with Conversion 
Tables. Translated from the German ot^ANTHON Gkunek. With 
Twenty-8lx Diagrams in Colours. 150 pp. Crown Svo. Price 
78. fid. net. (Post frcjp, 7s. lid. home ; 8s. abroad.) 

TEJITILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) • By 
Julius Zipsrr. Translated from German by Charles Salter. 
802 Illustrations. 500 pp. Demy 8vo. Price 10s. fid. net. 
(Post free, Us. Id. home ; 11s. fid. abroad.) 

GRAMMAR OP TEXTILE DESiaN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical 
School. Demy Svo. IfiO pp. 490 Illustrations and Diagrams. 
Price 6s. net. (Post free, fis. 5d. home ; 6s. Sd. abroad.) 

ART NEEDLEWORK AND DESIGN. POINT 
LACE. A Manual of Applied Art for Secondary Schools 
and Continuation Classes. By M. E. Wilkinson. Oblong 
quarto. With 22 Plates. Bound in Art Linen. Price 38. fid. 
net. (Post free, 4s. home and abroad.) > 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. Milroy. Crown Svo. 64 pr% With 3 
< Platoi’ and 9 Diagrams. \f<€7iisctf Edition in prepuration^ 

CHURCH LA.CE. By M. E. W. MiLEOY. . in preparation, 

THE CHEMISTRY OP HAT MANUFACTURING. 

Lectures delivered before the Hat Manufacturers’ Association. ^ 
By Watson Smith, F.C.S., F^.C. Revised and Edked by 
Albert Shonk. Crown 8vo.* 13fi pp« * 16 Illustrations. Priqp 
7s. fid. net. (Post free, 7s. lid. home abroad.) , 

• F#r cont^ts of these books, see Ld^i II. * 
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‘THE .TECBNICAL TESTING OP YAKNb' AND 
TEX9i]XE FABRICS. With Reference to Official 

Specifications. Trjinslatccl, from' the German of Dr. J. Herzfem). 
Second Edition. Sixty-nune Illustrations. 200 pp. Demy 8vo. 
Price 10s. fid net.^ fPost free, 11s. home; I Is. 2d. abroad.) 

DECORATIVE AND PA^CY TEXTILE PABEIC6. 

By R. T. Lord. For Manula?turers and Designei^of Carpets, 
Damask, Dress ^nd all Textile Fabrics. 200 pp. Demy 8vo. 
132 Designs and llluslrat\V)ns. IVice 7s. fid. net. (Post free, 
8s. home ; 8s. 2fl?abroatf*) 

•theory and practice op damask weav- 
ing. KiNZKK»and K. Walthk. Royal 8vo. 

Eightegn^Folding IMates. Six Illustrations. Translated from 
the German. 110 pp. Price 8s. fid. net. fl^ost free, 9s. home; 
9s. 2d. abroaA) 

FAULTS IN tHE MANUFACTURE OP WOOLLEN 
GOODS AND THEIR PREVENTION. By 

Nicolas Rhiskr. Translated from the^^ccond German Edition. 
Crown 8vo. Sixty-three llluslration.s. #170 pp. Price 5s. net. 
(Post free, 5s. 5d. home : 5s. fid. abroad.) 

, SPINNING AND WEAVING CALCULATIONS, 

especially relating to Woollens. From the German of N. 
Reiser. Thirty-four Illustrations. Tables. IW) pp. Demy 
8vo. 1904. Price 10s.fid.net. (Post free, 11s. home; 11s. 2d. 
abroad.) 

WORSTED SPII^NERS' PRACTICAL HANDBOOK. 

By H, Turner. 148 pp. 54 Drawings. Crown 8vo. Price fis. 
net. (Post free, fis. 5d. home; (is. (id. abroad.) 

ANALYSIS OP WOVEN FABRICS. By A. F. Barkkr, 

M.Se., and E. Midgi.ky. Demy 8vo. I^Hfi pp. Numerous Tables, 
Examples and 82 Illustrations. Price 7s. fid. net. (Po.st free, 
Ss. l^^mc : 8s. 4d. abroac^) 

WATERPROOFING OF FABRICS. By Dr. S. Miek- 

ZlNSKi. Second Edition, Revised and Enlarged. Crown 8vo. 
140 pp. 29 Ulus. Price 5s. net. (Post free, 5s. 5d. home; 
5s. (id.j^abroad.) 

sow TO MAKE A WOOLLEN MILL PaV By 

John Mackie, (Jrown 8vo. 76 pp. Price fid. ilet. (I'ost 
free, 3s. lOd. home and abroad.) 

YARN AND WARP SIZING IN ALL ITS 
BRANCHES. Translated fi 'om the German of Carl 
Kretschmar. RoyiJ ^vo.» 123 Illustrations. 150 pp. Price 

lOs. fid. net. (Post fr^ie, m. home ; 1 la. 4d. abroad.J 

‘ {For ''Textile Soaps and OilsH ae 7.) 



. (D'yeing, Colour Printing, Matching 
and Dye-stuffs.) 

THE COLOUR PRINTING OP CARPET YARNS. 

Manual f6r Colour Chemists antf Tcxti's Printers. By David 
PATiiRSON, F.C.S. Seventeen Illustrations. 136 pp. Demy 
'* Svo. Price 7s. (Sd. net. (Post ^ec, 8s. home and abroad.) 

TEXTILE COLOUR MISSaSTG. By David Paterson, 

F.R.S.E,, F.C.S. Formerly published unde* title of “ Science of 
Colour Il^lixing ”. Second Revij^td /edition. ^Demy Svo. 140 pp. 
41 Illustrations, With .S Coloured Plates and 4 Plates shov/inj* 
Dyed Specimens. Price 7s. (ul. net. (Post free, Ss. home 
Ss. 2d. abroad.*) 

DYERS’ MATERIALS ; An Introduction t>D the Examina- 
tion, Evaluatior and Application of the most imp >rtant Sub- 
stances used in Dyeing, Printing, Bleaching and Finishing. By 
Paul Hehrman, Ph.D. Translated from the 'German by A. C. 
Wright, M.A. (Oxon).. B.Sc. (Lond.). Ywcntytfour Illustrations. 
Crown Svo. 150pp. Price 5s.net. (Post free, 5s. 5d. home; 
5s. Od. abroad.) 

COLOUR MATCi;iNG ON TEXTILES. A Manual 

intended for the use of Students of Colour Chemistry, DyCing and 
Textile Printing. By David Paterson. F.C.S. Coloured Frontis- 
piece. Twenty-ninc Illustrations and Fourteen Specimens Of 
Dyed Fabrics. Demy 8vo. 132 pp. Price 7s. (h 1. net. (Post 
free, 8s. home and abroad.) 

COLOUR : A HANDBOOK OP THE THEORY OP 
COLOUR. By George H. Hurst. With Eleven 

Coioured Piatee and Sevent 3 j»two Illustrations. Second Edition. 
Demy 8vo. 188 pp. IVicc 7s. Hd. net. (Post free, 8s. home ; 
8s. 2d. abroad.) , 

Reissue of 

THE ART OP DYEING WOOL, SILK AND 
COTTON. Translated from the French of M. Hellot, 
M. Macquer and M. le Pileur D’Apligny. First Published in 
English in 1789. Six Plates. Demv Svo. 446 pp. Price5s.net. 
(Post free, 5s. (id. home; 6s. 4d. abroad.) 

THE CHEMISTRY OP DYE-STUPPS. By Dr. Gbors 

Von Gkorgikvics. Translated from the Second German Edition. 
412 pp. Demy 8vo. Price lOs. 6d. net. (Post free, 11s. home; 
11s. 4d. abroad.) 

THE PYEING OP COTTON PABRICS : A Practic^J 

Handbook for the Dyer and Student. JJy Franklin Beech, 
Practical Cciourist and Chemist. 272 pp. Second Revised 
Edition. Price lO.s. 6d. net. (Post free, lls. home; lls. 2d. 
abroad.) 

THE DYEING OP WOOLLEN PABRICS. By 

Franklin Befxii, Practical Galourist and Chemist. Thirty- 
three Illustrations. Demy 8vo.’ 228. pp. Price 7s. 6d. net. 
(Post fp:c, 8s. home ; 8s. 2d. abrl5ad.) . * 

‘ Fonrontenls of these books^ see Lis ' II. 
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V 

(Silk Manufacture.) 

•silk' TglROWING AND WASTE SILK SPIN- 
** NING. * By H^)Ujns RAWiUK. Oaiiy 8vo. 170 pp. 
117I11US. Pricc5s.net. (^ost free, 5s. iy. home ; §s. Sd, .nbroad.) 

(Bleaching and Bleaching Agents.) 

A PRACTIC'AL TREAT:^ ON THE BLEACHII^ 

• OP LINEN AND COTTON YARN AND P'ABRICS. 

By L-. Taim lu? Chcmicjit and • .Mechanical Enjjineer. Trans- 
lated iVoni the I^'nch hj»iI(5||iN (jr.nDKS .Xj^IxTOSH. • Demy Svo. 
Secoiul U’CMsfd l'2dition. 370 pp. Price net. (Post Iree, 

• l.Ss. Od. home: IBs abroad ) • 

UdODERN BI^ACHINQ AGENTS AND DETER- 
GENTS *By Professor Max Bottlfk. Translated 

from tite German Crown Svo. 10 Illnsrt'ations ISO pa^es. 
Price 5s. net .(Post tree, 5s .5d. home. .S.o. Bd. abroad ) 

(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

COTTON SPINNING (F irst By Tho.mas 

Tii#knli y, SpinniMii .Master, Bolton Teehnieal School. USO pp. 
iS4 lllustiations. Crown Svo. Second Impression Price^Ss. 
net (Po‘'t free, 3s. 5d. home; 3s. Bd. abroad ) 

•COTTON SPINNING (liitcmicdiatc, or Second Year). 

By T. Tiiokm.KY. Third lulition, Pexiscd and lail.irniil. .‘{20 pp. 
114 Dra\\inj;s, Crown Svo Pntc 7s. Bd, net (Post live, 8s. 
home , Ss. Ifd. abroad.) 

COTTON SPINNING (Honours, or Third Year). By 

T, Thok.mj Y. 2l('#pp 7 Mllnstrations. Crown Svo. Second 

Edition. Pi ice .5s. net. (Post live. 5s. 5d. home, 5s tul. abroad.) 

COTTON COMBING MACHINES. By 'I'nos. Thok.n- 

•l>UY, Spinnintj .Master, Tcclmital School. Holton. Demy Svo. 
117 Illustrations. 3(M) pp. Price 7s. 'fd net (Post free, vSs. 
home . Ss. 4d abroad ) 

COTTON WASTE : Its Production, Characteri.stics, 
Ke^uhttioii.OjTeninjf.Carifin^, Spinnin^^and W'eaviiij^ By Thomas 
Thor\’li:y. Demy Svo. ‘JSBp.ij;es Bb Illustrations. Price 7s Bd. 
net. (Post five. S.s home; .Ss, 4d. .ibro;id l 

THE RING SPINNING FRAME ; GUIDE FOR 
OVERLOOKERS AND STUDENTS. By N. Booth. 
Crown l?^o 7ii po(;rs. I>ikc Us. m-r. (Post free, 5s. honv: 
and abroad.) • 

(Flax, tiemp and Jute Spirhiin^.) 

MODERN FLAX, HEMP AND JUTE SPINNING 
AND TWISTING. A Practical Handbook for the use 
of Wax, Hemp and Jute Sfim^'rs, Thread, Twine and Hope 
.Makers. By H i-uui-ur (?ARTrR, Mill Maiiaj'er, Textile Expert 

and Engineer, E.x.uniiitif’ in Pftix Spinning to the City aijd Guilds of 
London dlnstitutc. Demy Svo. 1907. \V^h 92 lllusti al*ons. 200 
pp. Price 7s. Bd. Jfit. (Post free, 7s 1 K)| home , 8s. 2d. abroad.) 
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(Collieries and Mines. ) 

RECOVERY WORK AFTER PIT FIRES. Hy Robert 

Lamprecht, Mimng Engineer and Manager. Translated Irotn 
the German. Illustrated by Six la^c Plates, containing Seventy* 
SIX Illustrations. iVa pp. Demy 8v(). I'rice 10s. 6d. net. (Fost 
free. 1 Is. home: 11s. 2d. abroad.) 

VENTILATION IN MINlgS. By RohHRT WaMNER, 

Mining l^ngtnccr. Tran.slatc^d from the German. Koyal 8vo. 
Thirty Plates and Twenty-two Illustrations. 240 pp. Price 
10s. Hd. net. (Post free, 1 ls‘. hoots ; 1 Is. Hd.' abroad.) 

THE ELECTRICAL EQUIPMENT Oi" COLLIERIES. 

By W. Galloway Duncan and David Penman. Dcrny Svo. 
810 pp 15.S filustrations and Diagrams. Price lOs. 6d. net. 
(Post free, 11s. home. 11s. 4d. aoroad.) 

(Dental Metallurgy.) 

DENTAL METALLURGY: MANUAL FOR STU- 
DENTS AND DENTISTS. By A. B. Gkiffjths, 

Ph.D. Demy Svo. Thirty-six Illustrations. 200 pp Price 
7s. (id. net (Post free, 8s. home; 8s, 2d. abroad.) 

(Engineering and Metallurgy.) 

THE PREVENTION OP SMOKE. Conibim-d with 
the Economical Combustion of I'uel. By W. C. Popplevvell, 
.VI. Sc., A..M Inst., C.E, Consulting Engineer. Forty-six Illus- 
trations. BM) pp. Demy Svo Price 7s. Od. net (Post free, 
Ss. home; Ss. 2d. abroad.) 

GAS AND COAL DUST FIRING. A Critical Review 

of the Various Appliances Pdlcntcd in Germany lor tliis purpose 
since ISS.S. By Alueih POtsch. KIO pp. Demy Svo. Trans- 
lated from the Germaii, With 108 Illustrations. Price .Ss. net, 
(Post free, 5s. 5d. home; 5s. (id. abroad.) 

THE HARDENING AND TEMPERING OF STE£I. 
IN THEORY AND PRACTICE. By Hridoun 

RkisiiR. Translated from the German of the Third Edition. 
Crown Svo. 120 pp. Price 5s. net, » (Post free, 5s. 4d. home and 
abroad.) 

SIDEROLOGY: THE SCIENCE OF IRON (The 

Constitution of Iron Alloys and Slags). Translated from 
German of Hanns Frkiheku v. Juptner. 850 pp. Demy Svo. 
Eleven Plates and Ten Illustrations. Price 10s. 6d| net. (Po.st 
free, *71 Is home; 11s. 4d. abroad.) 

EVAPORATING, CONDENSING sAND COOUNG 
APPARAlUS. Explanations, Formulir and Tables 
lor Use in Practice. By E. Hausbrand, Engineer. Translated 
by A. C. Wright, M.A. (Oxon.), B.Sc, (Bond.). With Twfnty- 
onc Illustrations and Seventy-six Tables. Second English Edition.' 
Revised with Conversion Digrams fip' Converting from Metric to 
British Units, 400 pp Demy8v(>. Pricel2s.6d.net. (Postfrtfe, 
13s. home ; 18s. (id. abroad.) 

For cQnienis\)f these hooks^ see Lists il and 111, 



, 1 ^ 

(.The “ETijoadway” Series of Engineering 
. # Handbooks.) 

Uniform in Siz^: Nan;ow Crown 8v6. (Pocket Size.) 
VwLUME 1. -ELEMENTARY PRINCIPLES OP RE. 
INPORCED CONCRETE CONSTRUCTION. By 

Ewakt S. Andwkws, li Sc. Enj{. (Lond.). 200 pages. 
Illustrations. Numerous ijllales and Worked Exiyyples; Price 
3s. net. (Post free, 3s. 5d. home ; .3s. Od. abroad.) 

Volume II. -GAS ANJJ OIL ENGINES. By A. 

Kikscjikh. 'iPanslateii aSd Keviseu fi»rii the ticrman. and 
ad.ipted to British practice, 100 pages. .55 Illustrations. 
Price 3s. net. (Post free. 3s. 5d. home; 3s. #d. abroad.) 

.Volume HI. -♦IRON AND STEEL CONSTRUC- 
TIONAL* WORK. By I\, ScHi.NDi.F.H. 'I'ranslatcd 

and Revised from the (iernian, and ad.!pte?i to Bntisli practice. 
140 pages. 415 lllustrauons. Price 3s. 6d. net. (Post Iree, 
3s. lid. homi^; 4s. aii'troad.) * 

Volume I\'.— TOOTHED GEARING. By G. T. White, 

B.Sc. (Lond.). 220 pages. 130 Illustrations. Price 3s. Od. net. 
(Post free, 3s. 1 Id. home . 4s. alm ad.) a 

Voi.u^iF. \^— STEAM TURBINE»: Tlicir Theory and 

Construction. H) H. Wii.i)y\. Tran'*Iated from the (ierman ; 
Revised .md adapted to British practice. 200 pages. 104 lllifstra- 
tions. Price 3s. Hd. net. (Post free, 3s. I Id. home , 4s abroad.) 
Volume VI. CRANES AND HOISTS. Their Construc- 
tion and Calculation. By H. Wilda. '’I ranslaled from the (Jerman ; 
rcvi.sed and adapted to British practice. I6S pages. 300 illustra- 
tions. Price 3s. Hd. net. (Post free, 3s. lid. home: 4s. abroad.) 

VoLiME VII.- POJJNDRY •MACHINERY. By E. 

TuRtuEK. Translated from the (icrman ; revised and adapted to 
British practice. 14S pages. 51 llluftrations. Pricc3s.Hd.net. 
^ (Post free, 3s. lid. home : 4s. abroad.) 

VollmeVIII. motor CAR MECHANISM. By 

W. E. Dou.mkti’, \\h.E\., A.M J.A.E. 200 pages. 102 Illustra- 
tions. Price3s.Hd.net. (Post free, 3s. lid. home: 4s. abroad.) 

VoLUMii l.\. - ELEMBNTAEY PRINCIPLES OP 
ILLUMINJfriON AND ARTIFICIAL LIGHTING. 

* By A. Blok, B.Sc. 240 pages. 124 Illustrations and Diagrams 
and 1 Folding Plate. Price 3s. Hd. net. (Post tree, 3s. lid. 
home ; 4s, abroad ) 

Volume ^.—HYDRAULICS. By E. H. Sprague, 
> A.M.I.C.E. lOt^pagcs. With Worked Examples and w Illustra- 
tions. Price 3s. (W. net, (Post free, 3s. 1 Id. hiime ; abroad.) 

Volume XI. - - ELEMENTARY PRINCIPLES OP 
SURVEYING. By M. T. M. Ormsky, M.I.C.E.I. 

•244 pages. With Worked Examples and 135 Illustrations and 
Diiigrams, including 4 Folding Plates. Price 4s. net. (Post Irce, 
. 4s. 5d. home; 4h Hd- afcroaid. ) * 

’Volume XI I.— THE SCIENCE OP WORKS MANAGE- 
MENT. ByJtmN Batey. 232 Pnee4s.net. 

(Post free, 4s. Sdfhomc ; 4s. Hd. abroad!?) 
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VoLi M.: XIII. THE CALCULUS FOR EISGINEER?. 

Hy Ewart S. Andkkws, H.Sc.Eng. (Lond.), and H. Bryon » 
wcjoD, D.Sc. (Parii*), B.Sc. {l.<ind.). 284 paf^cs. n)2 Ilfustrii- 
tions. With Tables and Wor.jed E»\amplL‘S. Price 4s, net. (Ptist 
free, 4s. 5(|. home ; (id. abroad.;* 

Vol.iMK XIV. — LATHES : Their Construction and 
()|x:ralion. By G. W. Hi’ri.hv, A.M.l.M.lv, Wii.E\. 244 page.s. 
20(, Illustrations. Price ds tid:f{nct. (l^ost IVcc, 8s. 1 lil. liome • 
4s. abrotiu.) 

VoLLMn XV.~STEAM EOIl^ERS AND COMBUS- 
TION. ^ By JaHN B.vrKV. 'x2'i0 pa«»c^ 18 Diagrams. 

Price 4s. net. (Post free, 4s. .5d. home; 4s. (id. abroad.; 

Vol.i Mi: XVI REINFORCED CONCRETE IN PRAC- 
TICE. By A. Ai.n-w H. SeV/rr. M.S.A.;- .MC.l. 190 pp. 

18(1 Illustrations and Diagrams .md 2 I'nldinj; Platts. Price 4s 
net. (Post free, 4s aj. home : 4s. (id. abi oad.) 

Vol.iMi.: X\'I I. -STABILITY 'OF MASONRY. B> 

li). fl. Si'KAtifi:, A..M.l.C.b'. KSOpp. 92’lllustr,H:ioiis. .8 Folding 
Plates and Worked I'X.imple.s, Price 4'*i net. (Post free, 4.s. 5d, 
home ; 4s. (id. abroail.) 

Voi.i.Mi- XVIIl. -TFSTING OF MACHINE TOOLS. 

B.\ G, W, Hurm.v, n h.Es. A..M,1..\1.E. 240 pp. 110 I'Uistra- 
tions. Price 4s. net. (Post free. 4s. .^d. home ; 4s. (iii abroad.) 

VodMK \IX. BRIDGE FOUNDATIONS. By W. 

Pil uNsuu , .M.I.C.lv l4Kpp. 81 Di.igrams. Price4s.net. (Post 
tree, 4s 4d. home and abi'oad.i 

Miv XX. -THE STABILITY OF ARCHES. By 

li. 11. Sj*ra(,i I,. A .\l I C.lv 150 pp .58 Diagrams. .5 F'olding 
Plates. Price 4s.net. (Post tree, 4s, nd. home ; 4s (id abroad.) 

Vdi.i’Mi. XXI. -- ELEMENTARY MATHEMATICS 
FOR ENGINEERS. B} H. H. SoKua r, A.M.l C.B. 

281i pp. 101 Diagrams. Price 4s. net. (I’ost free, 4s. 4d. home ; 
4s, (id ahroad.) 

:iN }>REI>AKATION.] 

CALCULATIONS FOR STEEL FRAME STRUCTURES. Its W C Cockim., M.C I. 
DRIVING OF MACHINE TOOLS. H\ T It Shaw. 

DESIGN OF MACHINE ELEMENTS (in 2 Vcl.inu-s. i{\ V G l)i vhi i.c. 
ELEMENTS OF GRAPHIC STATICS. H\ b. H. Si-k.v.c i . V..M I.C H 
STRENGTH OF STRUCTURAL ELEMENTS. n> I- H. Si-kai.ci’, ,A.M I C K. 

GEAR CUTTING. H> (’.. W nem.i *. \VI> liN . A M I M.I-. 

MOVING LOADS BY INFLUENCE LINES AND OTHER METHODS. n> H. H. 
Sei<A(.Li|,, A M.I C li. 

DRAWING ■ llFFICE PRACTICE. H\ W. Ci i c.e. 

ESTIMATING STEELWORK FOR BUILDINGS. Hy IP l\ F. ('.i.rkd and S. 
HM.AMlOf, .M C l.|- > 

THE THEORY OF THE CENTRIFUGAL AND TURBO PUMP By J. VVi:i.i.» 
Cami.hds. 

STRENGTH OP SHIPS Hj .Ia-mi.s Hi imram Thomas 

MACHINE SHOP PRACTICE. H) G. W. HtKi.cv, Wh.Ec., A, M.I M.K. 

IRON AND STEEL. Hy J K. (ii.i .v Pr^mroiiS' ^ 

ELECTRIC TRACTION. B> H, M SAVtus. c 

PRECISION GRINDING MACHINES. Hy K. Si .w. 

FOif contacts of these books, see Lift 111, 



(Sanitary Plumbing, Mgtal Work,»etc.), 

JgXTERl^AL PLUMBING WORK. A Treatise on 

llcad Work for K»>ofs. HK- Joi^n W. Mart, K.P.C. ISO Illustra- 
tions, 272 pp. neniy*8\o. Sfconcl%Kditit)n ifevised Price 
7s. (Sd net. (Po^f free. Ss. home. 8s, 2d, 'abroad, I 

’HINTS TO.PLUMBERS ON JOINT WIPING. PIPE 
BENDING AND LEAD BURNING. ');iiircl t^dirioii, 

Revised and Corrected. Hy John W. Hart, R.P.C 1S4 Illus- 
trations, pp Dem^ Price 7s. Od. net (P. sL free, 

8s. home : 8s. abroa?!,) V '' ^ 

Sanitary plumbing and drainag: f'' By 

John W. Haut. Demy 8 sj^i. Witli 208 itiustrations, ) \ n«' 

1004. Pri<^‘ /s. (^d net. tlk)st Iree. Ss. home: 8s. 2d. a 

,THE PjafNCIPLES OF HOT WATER SUPPL \pC 

JoHNt^V. IliMcr. R P.C. >VVith 120 Illustrations 177 pp ^ ^ 

Svo. Price /s. Oil net. (Post free. 8s home ’^Ss 2d 

THE PRINCIPLES AND PRACTICE OF DlPPIls i . 
BURNISHING, LACQUERING AND BRONZ- 
ING BRASS WARE. By >V. Nopmxn Bhovx 

Rex iscd .ind (ail.ir|L»ed lulition Crdw n 8vo. 4S pp Price 
ds. net. (Post free. ds. 4d, home and abroatl.) 

A HANDBOOK ON JAPANNING I 'or Iroinvaiv, 

. Tinw.iri, and Wood. etc. By Wiia.iwt Norman Brown 
Second luhtion. Crown 8v(i. 70 pa^es Id llbistrations, Priet 
ds. dd. net. (l\>st free. ds. Kid. home aiul .ihi-iad I 

SHEET METAL WORKING. Cuttin-. I'lmchino 

Heiuimj;, Folding. I'ressm”,*^ Dr.iw in^ .ind I{nil’ossini; Metals 
with Maehincryilor same. B\ 1'. (iIokm.i .iml A. Schimu'RT 
Translated from the Clerman. Deni) S\o. IbOpaj^es. 12.'i Di’aw 
iii<»s and Illustrations. 2 b'oldin}; Pl.ites Pi u’e 7s. (id. net 
(Post free, 8s. home aiul abroad.) 

> 

(Electric Wiring, etc.) 

THE DEVELOPMENT OP THE INCANDESCENT 
ELECTRib LAMP. By G. B.isn.BAKii.tM, A.M.l.E.B 

Demy Svo. 200 pages. 2 Plates 2.'S Illustrations and 10 Tables 
Price 5.S. net (Post free, .Ss. -Sd, iiomc ; Ss. 8d. abroad.) 

WIRING CALCULATIONS FOR ELECTRIC 
LIGHT AND POWER INSTALLATIQNS. . / 

Practical Handbook containing Wiring Tables, Rules, ani 
Formula; ttir the Use of Architects, BngineeiO, Mining Engineers 
and Electricians, Wiring Contractors and Wi remen, '•etc. By G 
W. Lummis Patkrson Crown Hvo. Oti pages. dS Tables 
Price Ss. net. (Post free, Ss, .Sd. home ; .Ss. (id. abroad.) 

ELECTRIC WIRING .AN?) PITTING By Sydney F 
Walker, K.N., iVRI.UE:, M.l.Min.E., A.M.Inst.C.E., etc., etc 
Crown Svo. ISOpp.' With Illustrations and Tables. Price 5s 
net. • (Post free, 5s. 5d. home ; Ss. Hdoabroa^.) 
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i (Brewing and Botanical.) 

HOPS IN THEIR BOTANICAL, AGRICOi^TURAI* 
AND TECHNICAL 'ASPECT, AND AS AN 
ARTICLE OP COMMERCE. Hy Emmanuel Gnoss. 

Translated from the German. 78 Ulus. 340-,)p. Demy Sm*?! Price 
10s. (xl. net. (Post free, ll.s. home ; 11s 4d. abroad.) 

INSECTICIDES, PUNGlOlDES AND WEED- 
KILL^kS. By E. Bourcart, I). Sc. Tninslatcd from 
the French. Revised and 'Adar'i'd to liritish Standards and 
Pr ,'c:ice. Demy 8i»:>, 4S0 paj^Cb, S3 Tables, ‘iVnd VI Illustrations, 

Pi Air I2s. Od. net. (Post free, 13s. home ; 13s. 4d. abroad.) 

(Foi'Ai^rii'ullhuil Lhi'/nisln, sa p, i).) 

(W' ''id Products, Timber and Wood Waste.) 

W,„yD PRODUCTS: DISTILLATES AND EX- 

H. ACTS. By P. Dume.sny, Chemical Engineer,' 

before the Lyons Commercial Tribunal, .Member of the 
International Association of Leather Ch-niists; and d. Noykr. 
Translated from the French by Donald Grant, Royal Kvo. 
320 pp. 10.3 lllustrat’ons and Numerous Tables. Price 10s. 8d. 
net. (Post free, 1 Is. J home ; I Is, Sd. abroad.) » 

TIMBER : A Comprehensive Study of Wood in all its 
Aspects (Commercial and Botanical), showing the different 
Applications and L'.scs of Timber in Various Trades, etc. Trans* 
lated from the French of Paul Charpentii-.k. Royal Svo. 437 
pp. 178 lllu.strations. Price Lis. (id. net. (Post free, 13s. home; 
13s. 8d. abroad.) 

THE UTILISATION OP WOOD WASTE. Trans- 
lated from the German of E. Kuubari). Second Revised English 
Edition. Crown Svo. 208 pp. 50 Ulus. ^Price 5s. net. (Post 
free, 5s. 5d. home ; 5s. liu. abroad.) 

{See also UUlisation of Waste Products, p. 9 .) 

(Building .and Architecture.) 

ORNAMENTAL CEMENT WORE. By Oliver 

Wheatley. Demy Svo. 83 lUustrrtions. 128 pp. P'-ice Ss. 
net, (Post free, 5s. 5d. home ; 5s, lid. abroad.) '• 

THE PREVENTION OP DAMPNESS IN BUILD- 
INGS; with Remarks on the Causes, Nature and 
Effects of Saline, Efflorescences and Dry-rot, for Architects, 
Builders, Overseers, Plasterers, Painters and Hous Owners. 
•By ADi/LF Wilhelm Keim. Translated from ‘■he German of the 
Second Revised Edition. Eight Coloured -’^l«te| and Thirteen,^ 
lllustrafions. '^rown Svo. 115 pp. Price 5s. net. (Post free 
5s, 4d. ifome and abroad.) 

HANDBOOK OP TECHNICAL TERMS USED IN 
ARCHITECTURE AND BUILDING, AND THEIR 
ALLIED TRADES AND SUBJJICTS. By Augus- 
tine C. Passmore. Demy 8vo.'- 380- pp. Price 78. 6d. net. 

. (Post frep^ 8s. ho me ; Ijs. 4d. abroad.) 

, f^ontenti of these books, see List / //. 



(Food^, Drugs ana Sweetmeats^) 

WODANPDEUGS. ByE.J. P arrv,^.Sc.,F.1.C..F.C.S. 

Volume I. The ;?nalysis*of Aod and Drugs (Chemical and 
Microscopical). lipyul Vo. 724 pp,’ Price 2fs. net. (Post 
free, 21s. 7d. home; 22s. (id. British Cofonies; 2'Aa. .‘kl. other 
Foreign Countries.) ^ 

Volume II. The Sale of 1^'^od and Drugs Aetjj^ 18^-1907. 
Royal 8vo. 184 pp. Price 7s. (id. net. (r^)st free, 8s. home ; 
8s. 4d. abroad* • ^ 

THE MANUFACTUKfc 40P PBESffiRVED POOpS 
AND SWEETMEATS. By A. H AL’S.N'KK. Wu.l 

Tvyenty-cight Illustrations, ,*lVanslated fl^m the German of the 
third cnhugci Kdition. SeeonirtSnglish Edition. Crown 8vo. 225 
pp. Pijce 7s, (id, net. (Post free, 7s. lid. hyme; 8s. abroad,) ^ 

EECIPES^ FOR THE.* PRESERVING OP FRUIT, 
VEGETABLES* AND MEAT. By E. Warner. 

Translated from theiGerman. Crown 8vo. 125 pp. With 14 
lllustratjons. •Price 5s, net. (Post free, 5s. 5d. home; 5s. 8d. 
abroad.) 


(Dyeing: Fancy Goods.) 

THE ART OP DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY 
AND WOOD, AND OP IMITATING ALL SORTS 
OP WOOD. A Practical Handbook for the Use of 
Joiners, Turners, .Manufacturers of Fancy Goods. Stick and 
Umbrella MakerS| Comb Ackers, etc. Translated from the 
German of D. H. So.nhlet, Tcchnjca\Chemist. Crown 8vo. 
168 pp. Price 5s. net. (Post free, 5s. 5d. home; Ss. (id. abroad.) 

(Celluloid. )i 

CELLULOID ; Its Raw Material, Manufacture, Properties 

and ?Ises. A Handb(|ok for Manufacturers of Celluloid and 
Celluloid Articles, and all Industries using Celluloid : also for 
Dentists and Teeth Specialists. By Dr. Fr. Bockmann, Tech- 
nical Chemist. Translated from the Third Revised German 
Edition. Crown 8va. 120 pp. With 49 Illustrations. Price 5s. 
net, (^st free. os. 5d. home ; Ss. 6d. abroad.) 

(Lfthography, Printing ^ind.^ 
Engraving.) 

art OP LITHOGRAPHY. By H. J. Rhodes. D^my 

8vo. 344 pages. 129 lustrations. 2 Folding Plates. Copious 
combined Index and filosstry. Price 10s. 6d. net. (Post free, 
i Is. hohie ; Us. 4d. ■abroad.) 
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PRINTERS’ A;ND STATIONERS’ READl 
RECKONER AND COMPENDIUM. Compiled b 

ViCTOK CiKAMAM. Crown 8vo. Jl'ipp. U)()4. l^*ce 3 s.aM. 
(Post free, 3s, 1 Id. home ; nbfioad.) * 

ENGRAVING ^OR ILLUSTRATION. HISTORI 
CAL AND PRACTICAL NOTES, By J. Kihuhride 

pp Two Plates .uul (>i lioistratioiis Crov n Svo. Pne 
2s. lid. net. (Post free, 2s. lOd. home and abioad 1 
{For rrnn-^t!^ Iii'-s, srr /’. 4.i 

I "i t 

<■ “' (Bookbinding.) 

PRACTICAL BOOKBIITDING. By B.ui. Aiu.v 

Translated Irn . 11 he (lerman Crown Smi. INO pp. 127 mu'- 
- ' tialions. Price ^s. net iPosifree.as .Sd home , os. 'hd. abroad 

M. I 

(Sugar Refining.) 

THE TECHNOLOGY OF SUGAR: Practical TicatiSi 

on tile Ml del’ll Metluuls ol Manufacture ol Suj^ar Irom the Suj(;a 
Cane .Old Su^ar lleet. By dons (ji.iU)! s .McImosh 4 hird Bdi 
.tion, K*t vised and Hnlaroed. I)emyS\o. nldpa^es 214 1lhisti: 
tioiis. Price Pis. <h 1. net (Post free. Ids. home , I ds. (id. .dii oad, 

{Sfi‘ " i.vui'oraliih^. Con,ici!i,iii<^, vi,., \ (li ns," /’. ) 

(Rmery.) 

EMERY AND THE EMERY INDUSTRY. Tnins 

lated Irom the (i'Cm.m of A Hals hi 'Crown Svo 4.^ Him 
104 pp. Price 5s. net (Post Irce, 5s. 5d home ; 5s. lid. abroad.) 

(Tec!inical Schools. ) 

HANDBOOK TO THE TECHNICAL AND AR1 
SCHOOLS AND COLLEGES OP THE UNITEI 
KINGDOM. C()ntainin.t> particulars of nearly 1,00( 

Technical, Commercial and Art Schools throuf'hout the Unite 
Kingdom With lull particulars of the courses of instructior 
names ol principals, secretaries, etc. Demy Svo. UV^pp. Pric 
3s. 6<c net. (Po.st free. 4s. home and abroad ) 
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